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ABSTRACT 
The a r e a of i n v e s t i g a t i o n , which l i e s on t h e e a s t e r n f r o n t of 
t h e Gunn i son P l a t e a u be tween Coa l Canyon and Maple Canyon ( s o u t h ) , 
i s formed of f o r m a t i o n s of Upper Mesozo ic and C e n o z o i c a g e s . 
The f o r m a t i o n s of Upper Mesozo ic age a r e r e p r e s e n t e d by T w i s t 
Gu lch -Upper J u r a s s i c , I n d i a n o l a u n d i f f e r e n t i a t e d - U p p e r C r e t a c e o u s , 
P r i c e R i v e r - U p p e r C r e t a c e o u s , and t h e lower p a r t of Nor th Horn-Upper 
C r e t a c e o u s . The f o r m a t i o n s of C e n o z o i c Age a r e r e p r e s e n t e d by t h e u p p e r 
p a r t of N o r t h H o r n - P a l e o c e n e , F l a g s t a f f - P a l e o c e n e , C o l t o n - E o c e n e , 
and Green R i v e r - E o c e n e . 
Of a l l t h e f o r m a t i o n s , t h e T w i s t Gulch i s t h e o n l y m a r i n e 
f o r m a t i o n p r e s e n t i n t h e a r e a . The o t h e r f o r m a t i o n s r e p r e s e n t 
d e p o s i t i o n u n d e r f l u v i a t i l e , f l u v i o - l a c u s t r i n e , and l a c u s t r i n e 
e n v i r o n m e n t s . The c l a s t i c s e d i m e n t a r y r o c k s a c c o u n t f o r more t h a n 
two t h i r d of t h e t o t a l t h i c k n e s s of t h e s t r a t a exposed i n t h e a r e a . 
The Nor th Horn f o r m a t i o n c o n s t i t u t e s a s much a s 2000 f e e t of c l a s t i c 
s e d i m e n t a r y r o c k s . 
I g n e o u s a c t i v i t y i s i n d i c a t e d by t h e g l a s s a s s o c i a t e d w i t h t h e 
F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) and f e l s i t i c l a v a f lows a s s o c i a t e d w i t h 
t h e Green R i v e r f o r m a t i o n . Some i n t r u s i o n s of q u a r t z - m o n z o n i t e p o r p h y r y 
o c c u r wes t and n o r t h of t h e a r e a of i n v e s t i g a t i o n . 
The a r e a i s t r a v e r s e d by EW and n e a r l y NS s t r i k i n g h i g h a n g l e 
normal d i p - s l i p f a u l t s . A few h i g h a n g l e r e v e r s e f a u l t s a r e a l s o 
p r e s e n t . In t h e e a s t e r n p a r t of t h e a r e a of i n v e s t i g a t i o n , r e c e n t 
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f a u l t i n g h a s o c c u r r e d . T h i s f a u l t i n g i s m a i n l y c o n f i n e d t o r e c e n t 
a l l u v i u m and h a s g i v e n r i s e t o p r o m i n e n t s c a r p l e t s which s t r i k e 
NE-SW. 
N o r t h of Dry Canyon, t h e Nor th Horn s t r a t a a r e m i n e r a l i z e d . 
The m i n e r a l i z a t i o n of t h e s t r a t a i s m a i n l y l i m i t e d t o s e d i m e n t a r y 
u n i t s i n t h e b a s a l p a r t of t h e N o r t h Horn f o r m a t i o n where g a l e n a , 
p y r i t e , and c h a l c o p y r i t e o c c u r . 
A d e t a i l f i e l d work and l a b o r a t o r y s t u d i e s r e v e a l e d t h a t g a l e n a , 
p y r i t e , and c h a l c o p y r i t e a s s o c i a t e d w i t h t h e Nor th Horn s t r a t a a r e 
of e p i g e n e t i c o r i g i n , and r e p r e s e n t d e p o s i t i o n a t r e l a t i v e l y low 
t e m p e r a t u r e s . 
The r e g i o n a l r e l a t i o n s h i p of t h e a r e a of i n v e s t i g a t i o n s u p p o r t s 
an e p i g e n e t i c o r i g i n f o r t h e s e s u l f i d e d e p o s i t s a s s o c i a t e d w i t h t h e 
N o r t h Horn s t r a t a . 
E v i d e n c e f o r t h e above c o n c l u s i o n c o n s i s t s o f : 
1 . The l o c a l i z e d o c c u r r e n c e of t h e s u l f i d e d e p o s i t s . 
2 . The o c c u r r e n c e of t h e q u a r t z - m o n z o n i t e p o r p h y r y 
i n t r u s i v e b o d i e s i n a d j a c e n t l o c a l i t i e s . 
3 . I g n e o u s a c t i v i t y d u r i n g Green R i v e r t i m e . 
4 . The t y p i c a l r e p l a c e m e n t f e a t u r e s p r e s e n t i n t h e 
p y r i t i z e d l i m e s t o n e and g a l e n a b e a r i n g s a n d s t o n e 
and c o n g l o m e r a t e . 
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LOCATION OF AREA INVESTIGATED 
The a r e a i n v e s t i g a t e d i n c l u d e s a p p r o x i m a t e l y 36 s q u a r e m i l e s 
l o c a t e d on t h e e a s t e r n s l o p e of t h e Gunn i son P l a t e a u d i r e c t l y w e s t 
of Eohra im, Utah ( f i g . 2 ) . 
The Gunn i son P l a t e a u l i e s s o u t h of t h e s o u t h e r n end of t h e 
Wasa tch M o u n t a i n s i n t h e n o r t h w e s t e r n p a r t of t h e C o l o r a d o P l a t e a u 
P r o v i n c e ( f i g * l ) . The P l a t e a u r i s e s t o a maximum r e l i e f of 4500 
f e e t - I t e x t e n d s i n a n o r t h - s o u t h d i r e c t i o n f o r 40 m i l e s from Nephi 
a t t h e n o r t h w e s t t o Gunnison on t h e s o u t h d e c r e a s i n g i n r e l i e f v e r y 
g r a d u a l l y i n t h e s o u t h e r n d i r e c t i o n . A maximum w i d t h of 12 m i l e s 
e x i s t s b e t w e e n t h e mouth of L i t t l e S a l t Creek on t h e w e s t e r n f r o n t , 
and t h e mouth of Peach Canyon on t h e e a s t e r n f r o n t ( f i g . 2 ) . 
The g e n e r a l n o r t h - s o u t h t r e n d of t h e p l a t e a u f r o n t i s n o t c o n ­
t i n u o u s . The p o s i t i o n of t h e f r o n t b e t w e e n Gunnison R e s e r v o i r and 
Axehandle Canyon ( f i g . 2 ) , s t r i k e s a l m o s t n o r t h - s o u t h , b u t from a 
p o i n t n o r t h of Axehand le Canyon, t h e f r o n t v e e r s s t r o n g l y e a s t w a r d 
" f o r m i n g a s t r i k i n g p r o m o n t o r y . T h i s p r o m o n t o r y i s r e f e r r e d t o a s 
t h e ' P o i n t of t h e M o u n t a i n ' M ( S p e i k e r , 1 9 ^ 8 , p . 2 9 ) . 
The S a n p e t e V a l l e y wh ich l i e s t o t h e e a s t of t h e p l a t e a u and b e ­
tween t h e Wasatch Monocl ine and Gunnison P l a t e a u i s a n o r t h - s o u t h 
t o n o r t h e a s t - s o u t h w e s t s t r u c t u r a l d e p r e s s i o n . I t i s of c o n s i d e r a b l e 
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Figure I. Index Map of Par t of Utah Showing Locat ion of Gunnison P l a t e a u 
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I i i i i I I 
S c a l e 
F i g u r e 2 . M a p o f a p o r t i o n o f G u n n i s o n P l a t e a u a n d 
S a n p e t e V a l l e y , U t a h , s h o w i n g a r e a o f i n v e s t i g a t i o n , 
d r a i n a g e , c o m m u n i c a t i o n s , a n d l a r g e r c o m m u n i t i e s . 
I . . 
 
 .  f  rt  f i  l  a
t  l  , i   f inve ig io
, uni ti ,  r c i ie .
" t h e p h y s i o g r a p h i c b o u n d a r y b e t w e e n t h e B a s i n and Range r e g i o n and 
t h e Co lo rado P l a t e a u s . . . " ( H u n t , 1 9 ^ 8 , p . 1 ) . 
The a r e a s t u d i e d i n t h e r e p o r t was o r i g i n a l l y mapped and d e s ­
c r i b e d b y R. E . Hunt; i n 1948 i n a r e p o r t t i t l e d , "The Geology of t h 
Dry Canyon region*, Gunnison P l a t e a u , U t a h " . The p r e s e n t f i e l d work 
f o r t h i s r e p o r t was done d u r i n g t h e summer o f 1 9 6 6 . A t o t a l p e r i o d 
of 12 weeks was s p e n t i n t h e f i e l d . The w r i t e r was a s s i s t e d by 
A. K h a d i , a g r a d u a t e s t u d e n t i n t h e D e p a r t m e n t o f Geology a t t h e 
U n i v e r s i t y of U t a h . 
ACCESS TO THE AREA 
Two a c c e s s r o u t e s can be t a k e n i n o r d e r t o r e a c h t h e a r e a 
( f i g . 2 ) . A m o d e r a t e l y good, 12 m i l e s l o n g , d i r t r o a d b e g i n s a t 
Levan on t h e w e s t e r n f r o n t of t h e p l a t e a u and emerges a t t h e mouth 
of Wales Canyon, w e s t of Wales on t h e e a s t e r n f r o n t of t h e Gunnison 
P l a t e a u . The o t h e r , l o n g e r r o u t e i n c l u d e s a p a r t of Utah Highway 
16 which e x t e n d s from Nephi t o E p h r a i m . A d i r t r o a d from Ephra im 
l e a d s d i r e c t l y wes tward t o t h e m i n e r a l i z e d p a r t o f t h e a r e a , t h e 
Dry Canyon A r e a . 
TOPOGRAPHY 
Mount B a l d y which l i e s t o t h e n o r t h - w e s t of t h e a r e a i s t h e 
h i g h e s t p o i n t i n t h e i m m e d i a t e a r e a . I t r i s e s t o an a l t i t u d e of 
8900 f e e t above s e a l e v e l , and i t s r e l i e f i s a p p r o x i m a t e l y 3^00 
f e e t above t h e S a n p e t e V a l l e y f l o o r . (The e l e v a t i o n of S a n p e t e 
V a l l e y f l o o r a t Ephra im i s a p p r o x i m a t e l y 5500 f e e t . ) 
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The a l l u v i a t e d S a n p e t e V a l l e y f l o o r r i s e s g r a d u a l l y t o t h e b a s e 
of t h e p l a t e a u which a t t h e mouth of Dry Canyon i s a b o u t 5800 f e e t 
e l e v a t e d o Above t h i s p o i n t , t h e p l a t e a u f r o n t r i s e s r a t h e r a b r u p t l y 
t o an e l e v a t i o n of a b o u t ?200 f e e t . At t h i s p o i n t a marked change 
i n s l o p e o c c u r s * From t h i s p o i n t , t oward t h e w e s t , a g e n t l e and 
u n d u l a t i n g s u r f a c e s l o p e s upward t o Mount Ba ldy (Hunt , 1 9 ^ 8 , p . 2 ) . 
DRAINAGE SYSTEM 
The r e g i o n where t h e w r i t e r c a r r i e d o u t h i s i n v e s t i g a t i o n , and 
which f o r m s t h e b a s i s of t h i s s t u d y , l i e s e n t i r e l y t o t h e e a s t of 
t h e ma in d r a i n a g e d i v i d e of t h e Gunnison P l a t e a u ( f i g s , 1 and 2 ) . 
The m a j o r i t y of t h e d r a i n a g e s y s t e m s of t h e a r e a a r e e p h e m e r a l . 
Dur ing t h e s p r i n g r u n o f f and a p e r i o d of t o r r e n t i a l s t o r m s d u r i n g 
J u l y and A u g u s t , when t h e s e s t r e a m s r e c e i v e s u f f i c i e n t q u a n t i t i e s 
of w a t e r t o c a u s e f l o w a g e , t h e y j o i n t h e San P i t c h R i v e r , t h e main 
p e r e n i a l t r u n k s t r e a m f l o w i n g g e n e r a l l y sou thward t h r o u g h S a n p e t e 
V a l l e y and d r a i n i n g i n t o Gunnison R e s e r v o i r w e s t o u t of t h e town of 
M a n t i , Utah ( f i g * 2 ) , 
F i v e m a j o r d r a i n a g e s y s t e m s have d e v e l o p e d i n t h e a r e a ( f i g , 2 ) , 
A l l of t h e ma in t r i b u t a r i e s have c u t d e e p canyons i n t o t h e e a s t e r n 
f r o n t of t h e p l a t e a u , and t h e i r i n n u m e r a b l e t r i b u t a r i e s h a v e r e d u c e d 
t h e u p p e r r e a c h e s of t h e p l a t e a u t o m i d d l e t o l a t e y o u t h f u l s t a g e . 
S t a r t i n g from t h e n o r t h and g o i n g s o u t h , t h e f o l l o w i n g f i v e canyons 
form t h e m a j o r d r a i n a g e s y s t e m of t h e a r e a ( f i g , 2 ) , 1 , Coa l Canyon, 
2„ Axehandle Canyon ( N o r t h e a s t ) , 3° Rock C r e e k , k0 Dry Canyon, and 
5 , Maple Canyon, 
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I n a d d i t i o n t o t h e above men t ioned f i v e major d r a i n a g e s y s t e m s , 
many o t h e r s m a l l s t r e a m s d r a i n t h e e a s t e r n f r o n t of t h e p l a t e a u . 
Hunt h a s d e s c r i b e d Axehand le Canyon i n t h e f o l l o w i n g w o r d s ; 
"Axehandle Canyon i s t h e one r e g u l a r l y f l o w i n g d r a i n a g e s y s t e m 
i n t h e a r e a . The y i e l d of w a t e r from t h i s Canyon even i f c o n s t a n t , 
i s e x c e e d i n g l y s m a l l . N e v e r t h e l e s s , i t i s i m m e d i a t e l y d i v e r t e d upon 
r e a c h i n g t h e V a l l e y by t h e f a r m e r s and p r o v e s s u f f i c i e n t t o i r r i g a t e 
a few a c r e s of . . . l a n d . . . n e a r i t s mouth" (Hun t , 1 9 ^ 8 , p . 5)» 
The w r i t e r w h i l e w o r k i n g i n t h e a r e a o b s e r v e d t h a t a l l t h e 
l a r g e r f a r m s and r a n c h e s a r e l o c a t e d n e a r t h e mouth of c a n y o n s . How­
e v e r , t h e one l o c a t e d n e a r t h e mouth of Axehand le Canyon i s a b a n d o n e d , 
no c u l t i v a t i o n a c t i v i t y o r g r a z i n g a c t i v i t y was o b s e r v e d d u r i n g t h e 
e n t i r e p e r i o d of f i e l d w o r k . 
E v i d e n c e s of p a s t f l a s h f l o o d s i n t h e a r e a a r e f u r n i s h e d by t h e 
a c c u m u l a t i o n of huge b o u l d e r s on t h e f l o o r of t h e c a n y o n s . Some of 
t h e l a r g e b o u l d e r s we re t r a n s p o r t e d f a r t h e r e a s t and s c a t t e r e d o v e r 
t h e a l l u v i a t e d s u r f a c e . Most of t h e s e b o u l d e r s were removed and 
l a n d s we re u s e d f o r a g r i c u l t u r a l p u r p o s e s . However , t h e l a r g e 
b o u l d e r s w e r e l e f t u n d i s t u r b e d . These b o u l d e r s a r e s een s t i c k i n g 
o u t of c u l t i v a t e d f i e l d s . T h e i r a c t u a l s i z e c a n n o t be a p p r e h e n d e d 
a s t h e y h a v e b e e n p a r t l y b u r i e d b y r e p e a t e d f l a s h f l o o d s d e p o s i t i n g 
a t h i c k l a y e r of a l l u v i u m . 
A t h i c k c o v e r of a l l u v i u m e x t e n d s a l l a l o n g t h e e a s t e r n f r o n t of 
t h e Gunnison P l a t e a u . These a l l u v i a l d e p o s i t s h a v e d e v e l o p e d i n t o 
a t h i c k l a y e r b e c a u s e of t h e c o a l e s c i n g of s e v e r a l a l l u v i u m f a n s 
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a l o n g t h e b a s e of t h e p l a t e a u . The a l l u v i a l d e p o s i t i n t h e a r e a h a s 
b e e n c l a s s i f i e d a s e i t h e r o l d e r a l l u v i u m o r y o u n g e r a l l u v i u m ( g e o l o g i c 
map of U t a h ) . The y o u n g e r a l l u v i u m o c c u r s i n t h e a r e a s n e a r t h e 
p l a t e a u and a t t h e mou ths o f t h e c a n y o n s . F a r t h e r e a s t i n t h e l o w e r 
p a r t s of t h e v a l l e y t h e a l l u v i u m i s o l d e r and t h e r e u n d e r l i e s a 
p o r t i o n of t h e f e r t i l e s o i l of t h e S a n p e t e V a l l e y . 
CLIMATE 
The c e n t r a l Utah f a l l s i n t h e s e m i - a r i d z o n e , and i s c h a r a c t e r i z e d 
by s p a r s e v e g e t a t i o n . The s p a r s e v e g e t a t i o n i s m a i n l y due t o l i m i t e d 
r a i n f a l l . The a n n u a l amount of p r e c i p i t a t i o n v a r i e s be tween 1 0 - 2 0 
i n c h e s . However , t h i s i s n o t f a i r l y u n i f o r m l y d i s t r i b u t e d t h r o u g h o u t 
t h e y e a r . The p r e c i p i t a t i o n i s more d u r i n g w i n t e r t h a n summer. 
The maximum t e m p e r a t u r e d u r i n g t h e day i n t h e month of J u l y r e a c h e s 
9 0 ° F , where a s t h e minimum t e m p e r a t u r e r a n g e s b e t w e e n 6 5 - 7 0 ° F . L a s t 
summer was e x c e p t i o n a l l y h o t and d r y . With t h e e x c e p t i o n of a few 
d a y s , t h e d a y t e m p e r a t u r e r o s e t o above 9 0 ° F , 
The w i n t e r t e m p e r a t u r e s a r e s a i d t o r a n g e from 1 4 ° F . t o 50jf F . 
d u r i n g t h e month of J a n u a r y . The w r i t e r d i d n o t r e c o r d e x a c t t e m p e r a ­
t u r e s c h a r a c t e r i s t i c of w i n t e r s e a s o n . However , t h e d a t a which a r e 
a v a i l a b l e from p r e v i o u s r e p o r t s s u b s t a n t i a t e t h e above m e n t i o n e d 
t e m p e r a t u r e s . 
VEGETATION 
As m e n t i o n e d a b o v e , t h e v e g e t a t i o n i s v e r y s p a r s e . The m o u n t a i n 
s l o p e s a r e n e a r l y b a r e of any n o t a b l e v e g e t a t i o n . The whole a r e a i s 
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c h a r a c t e r i z e d b y a s e c o n d a r y growth which i s t h e r e s u l t of r e s e e d i n g . 
The o r i g i n a l v e g e t a t i o n c o v e r was d e p l e t e d b y t h e p i o n e e r s , a s a 
r e s u l t of which a p r i m a r y o r o r i g i n a l community of v e g e t a t i o n i s 
l a c k i n g . The a b s e n c e of p r i m a r y s u c c e s s i o n of v e g e t a t i o n can b e 
a t t r i b u t e d t o h e a v y l u m b e r i n g , a p r a c t i c e of t h e p i o n e e r s e t t l e m e n t 
e r a , wh ich d o m i n a t e d t h e e n t i r e U n i t e d S t a t e s of A m e r i c a ' s f o r e s t 
r e g i o n s * 
The s p a r s e v e g e t a t i o n of t h e a r e a d i f f e r s c o n s i d e r a b l y w i t h i n a 
g i v e n s t a n d . The v e g e t a t i o n a t h i g h e r l e v e l s i s c o n s i d e r a b l y d i f ­
f e r e n t from t h a t on t h e l o w e r l e v e l s . 
M e s q u i t e , t a l l p r a i r i e g r a s s , g r e a s w o o d , s a g e , and c r e o s o t e 
d o m i n a t e t h e low l a n d s . However , t h e r e a r e r e g i o n s which l a c k a n y 
s o r t of v e g e t a t i o n . These r e g i o n s r e p r e s e n t o v e r - g r a z e d l a n d s . 
T h e i r c o n d i t i o n i s p o o r and a r e f a v o r a b l e s p o t s f o r t h e e r o s i o n of 
s o i l by r u n - o f f o 
The h i g h l a n d s a r e c o n s i d e r a b l y g r e e n e r t h a n low l a n d s . C a t t l e 
t r a i l s a r e p r a c t i c a l l y a b s e n t . Map le , o a k , c o n i f e r s , and f i r t r e e s 
domina te t h e h i g h l a n d s . These i n no way r e p r e s e n t a p r i m a r y o r 
o r i g i n a l s u c c e s s i o n . The e n t i r e v e g e t a t i o n c o v e r on t h e h i g h l a n d s 
i s t h e r e s u l t of r e s e e d i n g . 
The a r e a s e a s t o f W e l l s managed b y t h e U. S . F o r e s t S e r v i c e , 
f o rms a p o r t i o n of t h e N a t i o n a l F o r e s t . G r a z i n g and l u m b e r i n g i s a b o u t 
n o n - e x i s t e n t i n t h i s r e g i o n . P r o p e r c a r e i s t a k e n t o s t a b i l i z e t h e 
s t e e p w a t e r shed on t h e w e s t s i d e of S a n p e t e V a l l e y . T h i s i s done 
i n o r d e r t o r e d u c e t h e d a n g e r of f l o o d s and s o i l e r o s i o n , which i s 
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e x t r e m e l y i m p o r t a n t f o r t h e economy of t h e communi t i e s l o c a t e d on 
t h e e a s t e r n s i d e o f t h i s a r e a . 
CULTURE 
The e a s t e r n f r o n t of t h e Gunnison P l a t e a u marks t h e w e s t e r n 
l i m i t s o f t h e S a n p e t e V a l l e y . No l a r g e commun i t i e s a r e l o c a t e d i n 
t h e a r e a where t h e w r i t e r w o r k e d . Ephra im i s l o c a t e d f a r t h e r t o 
t h e e a s t . T h i s communi ty , a s a r e t h e o t h e r c o m m u n i t i e s , i s m a i n l y 
s u p p o r t e d b y a g r i c u l t u r e and t r a n s i t t r a d e . Turkey and c h i c k e n 
f a r m i n g a r e t h e two m a j o r i n d u s t r i e s of t h e a r e a . M a n t i , a n o t h e r 
l a r g e r community i s l o c a t e d s o u t h of E p h r a i m . I h i s town i s a l s o 
an a g r i c u l t u r a l communi ty . 
Very few i r r i g a t i o n s y s t e m s a r e p r e s e n t i n t h e a r e a , San P i t c h 
R i v e r and i t s t r i b u t a r i e s a r e t h e c h i e f s o u r c e of a g r i c u l t u r a l w a t e r s 
( f i g . 2 ) . 
The t u b e w e l l s , c a n a l i r r i g a t i o n , and r a i n h a v e c o n v e r t e d S a n p e t e 
V a l l e y , once a s e m i - a r i d and sage c o v e r e d v a l l e y , i n t o a b e a u t i f u l 
and l u x u r i o u s g r e e n p a t c h . G i l l i l a n d r e p o r t s t h a t S a n p e t e V a l l e y i s 
r e s p o n s i b l e f o r t h e p r o d u c t i o n of many a g r i c u l t u r a l p r o d u c t s i n Utah 
( G i l l i l a n d , W , p . 8 ) . 
U. S . Highway 89 which c o n n e c t s S a l t Lake C i t y t h r o u g h S a n p e t e 
and S e v i e r V a l l e y s , i s t h e main h ighway p a r a l l e l t o t h e e a s t e r n f r o n t 
of t h e p l a t e a u p a s s i n g t h r o u g h Ephra im and Man t i ( f i g . 2 ) and c o n n e c t s 
w i t h U 0 S„ Highway 28 a t G u n n i s o n , a town s i t u a t e d a t t h e s o u t h e r n 
e x t r e m i t y of t h e Gunnison P l a t e a u . Utah S t a t e Highways 30 and 116 
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a l s o p a s s t h r o u g h t h e e a s t e r n f r o n t of t h e Gunnison P l a t e a u , S t a t e 
Highway 30 c o n n e c t s W a l e s , Ephra im and M a n t i , 
MAPPING METHODS 
There a r e no t o p o g r a p h i c maps on a s c a l e t h a t c o u l d b e u s e d 
f o r mapping t h i s p a r t of t h e Gunnison P l a t e a u , The maps t h a t a r e 
a v a i l a b l e a r e o l d and n o t u s a b l e . 
The w r i t e r a t t e m p t e d t o u s e a t o p o g r a p h i c map p u b l i s h e d b y 
U, S , G e o l o g i c a l S u r v e y i n 1965* The o r i g i n a l map s c a l e was 
1 : 2 5 0 , 0 0 0 , w i t h a c o n t o u r i n t e r v a l o f 200 f e e t . T h i s map was u s e d 
f o r l o c a t i n g v a r i o u s c a n y o n s and m a j o r r e l i e f f e a t u r e s . 
Thus b e c a u s e of t h e above m e n t i o n e d l i m i t a t i o n s , a e r i a l 
p h o t o g r a p h s r e l e a s e d by t h e U, S , S o i l C o n s e r v a t i o n were u s e d a s 
a b a s e f o r m a p p i n g . Because of t h e n o n - a v a i l a b i l i t y of a c o n t r o l l e d 
m o s a i c , t h e o r i g i n a l p h o t o s , u s e d f o r mapping a s a b a s e were u s e d 
t o p r e p a r e an o v e r l a y . However , no a t t e m p t s were made t o remove 
d i s t o r t i o n . 
The f o l l o w i n g a e r i a l p h o t o g r a p h s we re o b t a i n e d from t h e U n i t e d 
S t a t e s Depa r tmen t o f A g r i c u l t u r e , A g r i c u l t u r a l S t a b i l i z a t i o n and 
C o n s e r v a t i o n S e r v i c e , W e s t e r n L a b o r a t o r y , A e r i a l P h o t o g r a p h y D i v i s i o n 
2505 P a r l e y ' s Way, S a l t Lake C i t y , Utah 
CVW 5V-96 t h r o u g h CVW 5V-101 
CVW 7V-83 t h r o u g h CVW 7V-89 
CVW 10V-76 t h r o u g h CVW 10V-78 
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STATEMENT OF PROBLEM 
* 
The w r i t e r was a s s i g n e d t o p r e p a r e a g e o l o g i c map of t h e a r e a 
and d e t e r m i n e t h e n a t u r e and o r i g i n of t h e g a l e n a and p y r i t e 
( s p e c i f i c a l l y t o d e t e r m i n e i f t h e p y r i t e and g a l e n a i s s y n g e n e t i c 
o r e p i g e n e t i c ) m i n e r a l i z a t i o n i n t h e s a n d s t o n e b e d s of t h e Nor th Horn 
f o r m a t i o n exposed n o r t h of Dry Canyon. 
GENERAL FEATURES OF MINERALIZATION 
I t was found t h a t t h e m e t a l i f e r o u s s t r a t a o c c u r i n t h e Nor th 
Horn f o r m a t i o n , i n t h e a r e a b e t w e e n t h e e a s t e r n p r o t r u s i o n of t h e 
Gunnison P l a t e a u f r o n t and t h e Dry Canyon p r o p e r ( p l a t e l ) . 
I n t h i s a r e a t h e Nor th Horn f o r m a t i o n shows a l l t h e t e x t u r a l 
v a r i a t i o n i n g r a i n s i z e . I n t h e l o w e r p a r t i t i s m a i n l y c o n g l o m e r a t i c 
and i n u p p e r p a r t i t i s composed of a l t e r n a t i n g s t r a t a of l i m e s t o n e , 
s a n d s t o n e , and c o n g l o m e r a t e . 
M e t a l l i c m i n e r a l s o c c u r i n t h e l o w e r p a r t of t h e Nor th Horn 
f o r m a t i o n . 
Galena i s t h e dominan t m e t a l l i c m i n e r a l i n t h e l ower p a r t of t h e 
N o r t h Horn f o r m a t i o n e x p o s e d n o r t h of Dry Canyon. However, t h e u p p e r 
p a r t of t h e f o r m a t i o n shows c o n s i d e r a b l e amounts of p y r i t e ( c h a l c o ­
p y r i t e ? ) . O x i d a t i o n o f p y r i t e and c h a l c o p y r i t e ( ? ) and t h e d e v e l o p m e n t 
of o x i d e s and h y d r o x i d e s i n t h e s a n d s t o n e h a s c o l o r e d t h e s t r a t a 
r e d t o r u s t y b r o w n . 
From t h e number of abondoned mines and p i t s , i t i s a p p a r e n t t h a t 
l o c a l p r o s p e c t o r s h a v e b e e n aware of t h e m e t a l l i c o c c u r r e n c e s i n 
   
'!be writer was assigned to prepare a geol ogic map of the area 
and determine the nature and origin of the galena and pyrite 
(specifically to determine if the pyrite and galena is syngenetic 
or 8'Plgenetic) mineralization 1n the sandstone beds of the North Hom 
formation exposed north of' Dry Canyon. 
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t h i s r e g i o n f o r a l o n g t i m e . At p r e s e n t , a l o c a l m i n e r and p r o s ­
p e c t o r f rom Ephraim i s p r o s p e c t i n g i n t h e a r e a and i s m i n i n g t h e 
m i n e r a l i z e d s a n d s t o n e i n an open p i t o p e r a t i o n . 
I t i s n o t e w o r t h y t h a t none o f t h e i n v e s t i g a t o r s e i t h e r from 
Ohio S t a t e U n i v e r s i t y o r any o t h e r o r g a n i z a t i o n r e p o r t e d t h e 
o c c u r r e n c e of g a l e n a and p y r i t e i n s a n d s t o n e b e d s of t h e Nor th Horn 
f o r m a t i o n . Hunt ( 1 9 ^ 8 ) , who i s t h e o n l y p e r s o n who c a r r i e d o u t 
g e o l o g i c a l i n v e s t i g a t i o n s s p e c i f i c a l l y i n Dry Canyon a r e a r e p o r t e d 
no o c c u r r e n c e s of m e t a l l i c m i n e r a l s . 
From t h e e x p o s u r e s a round t h e Dry Canyon r e g i o n , i t i s v e r y 
much a p p a r e n t t h a t t h e r e i s no l a r g e s c a l e h y d r o t h e r m a l a l t e r a t i o n 
of t h e w a l l - r o c k , f i s s u r i n g , o r v e i n f o r m a t i o n . The o n l y i n d i c a t i o n s 
of m e t a l l i c o c c u r r e n c e s a r e i n f e r r e d from t h e c o l o r a t i o n of t h e r o c k 
due t o w e a t h e r i n g of t h e s u l p h i d e s o r from v e r y c l o s e e x a m i n a t i o n o f 
r o c k s t r a t a , A few v e r t i c a l j o i n t s t r a v e r s e t h e Nor th Horn f o r m a t i o n 
i n t h i s a r e a . These j o i n t s a r e l i n e d b y t h e c r y s t a l s of c a l c i t e , 
a v a r i e t y known a s *dog t o o t h s p a r * . The o c c u r r e n c e of m e t a l l i c 
m i n e r a l s i s n o t p e r s i s t e n t and t h e m i n e r a l i z e d z o n e s p i n c h o u t i n 
e i t h e r d i r e c t i o n from t h e a p p a r e n t s o u r c e of m i n e r a l . La rge 
c r y s t a l s of p y r i t e o c c u r i n t h e s a n d s t o n e b u t a r e w i d e l y s c a t t e r e d . 
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PREVIOUS WORK 
The l a t e s t r e c o r d of d e t a i l e d g e o l o g i c a l work i n t h i s p a r t of 
t h e Giinnison P l a t e a u ^ wh ich i s a v a i l a b l e , i s an u n p u b l i s h e d m a s t e r s 
t h e s i s by R 0 E , Hunt of Ohio S t a t e U n i v e r s i t y , T h i s t h e s i s was 
w r i t t e n i n 19^8 and i s t h e l a s t g e o l o g i c work d e a l i n g w i t h t h e 
s t r a t i g r a p h y
 9 l i t h o l o g y and s t r u c t u r a l g e o l o g y of t h e a r e a . 
P r i o r t o H u n t ' s work a number of r e c o n n a i s s a n c e t y p e s u r v e y s 
were c a r r i e d o u t , n o t s p e c i f i c a l l y i n t h e a r e a of d i s c u s s i o n b u t on 
t h e Gunnison P l a t e a u a s a who le and a r o u n d i t . 
Most of t h e e a r l y work i s c o n f i n e d t o n o r t h e r n p a r t of t h e 
p l a t e a u , which i s m a i n l y due t o t h e economic c o n s i d e r a t i o n s r e l a t e d 
t o t h e o c c u r r e n c e of c o a l i n t h e Nor th Horn f o r m a t i o n . C o n s e q u e n t l y 
much work and a t t e n t i o n was d e v o t e d t o t h i s p a r t of t h e p l a t e a u , 
R i c h a r d s o n ( 1 9 0 6 ) , p u b l i s h e d a number o f a r t i c l e s a b o u t t h e 
Coal F i e l d s i n t h e v i c i n i t y of W a l e s , 
The f i r s t g e o l o g i c a l r e c c o n n a i s s a n c e map was p u b l i s h e d sometime 
a f t e r 1875* when t h e r e g i o n was s u r v e y e d i n two m i s s i o n s i n 1872 and 
1875 r e s p e c t i v e l y . The r e g i o n was s u r v e y e d b y G, M, Whee l e r f o r t h e 
U n i t e d S t a t e s G e o l o g i c a l and G e o g r a p h i c a l S u r v e y . A g e o l o g i c a l map 
was c o m p i l e d a f t e r t h i s r e c c o n n a i s s a n c e s u r v e y was c o m p l e t e d . A n o t h e r 
map accompan ied p r o f e s s i o n a l p a p e r 1 1 1 by B , S , B u t l e r , G, F , L o u g h l i n , 
V. C. H e i k s , and o t h e r s , ( 1 9 2 0 ) , T h i s p a p e r a s s i g n e d a T e r t i a r y age 
t o t h e r o c k s o f t h e a r e a now u n d e r d i s c u s s i o n , 
" I n t h e y e a r 1895> t h e Man t i S h e e t , a r e c c o n n a i s s a n c e t o p o g r a p h i c 
map was p u b l i s h e d by t h e P o w e l l S u r v e y , I t was on a s c a l e 1 / 2 5 0 , 0 0 0 
l!Q!![ 
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w i t h a c o n t o u r i n t e r v a l of 250 f e e t . C o n s e q u e n t l y i t l a c k e d t h e 
d e t a i l s n e c e s s a r y f o r a c o m p r e h e n s i v e s t u d y of t h e a r e a " (Hunt , 1 9 ^ 8 , 
p . 9 ) . 
Many o t h e r n o n - g e o l o g i c a l maps h a v e b e e n p u b l i s h e d by U« S„ S o i l 
C o n s e r v a t i o n D e p a r t m e n t s i n c e t h e n . However , t h e y a r e no b e t t e r 
f o r g e o l o g i c mapping t h a n t h o s e p r e p a r e d b y t h e i r p r e d e c e s s o r s . The 
s c a l e of t h e s e maps i s t o o s m a l l t o be u s e d f o r g e o l o g i c a l mapping 
and c o n s e q u e n t l y t h e y a r e u n f i t f o r a n y c o n s i d e r a t i o n a s f a r a s 
g e o l o g i c mapping i s c o n c e r n e d . 
I n 1 9 3 9 , t h e U n i t e d S t a t e s S o i l C o n s e r v a t i o n Commission f l e w an 
a e r i a l s u r v e y o v e r t h e a r e a . C o n s e q u e n t l y a e r i a l p h o t o g r a p h s and 
p l a n i m e t r i c maps a r e now a v a i l a b l e . 
A number of o t h e r w o r k e r s h a v e c o n t r i b u t e d t o t h e knowledge of 
t h e r e g i o n a l g e o l o g y . 
Cope (1880) and D u t t o n ( 1 8 8 0 ) , b o t h p u b l i s h e d p a p e r s on t h e Geology 
of c e n t r a l p a r t o f U t a h . Cope ( 1 8 8 0 ) , d e s c r i b e d t h e Mant i b e d s , which 
l a t e r were r e a s s i g n e d t o t h e Green R i v e r F o r m a t i o n by S p e i k e r i n a 
p a p e r t i t l e d " C r e t a c e o u s and T e r t i a r y F o r m a t i o n of t h e Wasatch P l a t e a u , 
U t a h " ( S p e i k e r , 1935* P« ^ 5 1 ) • D u t t o n (1880) d e s c r i b e d t h e g e o l o g y 
of h i g h P l a t e a u s o f U t a h . 
E x t e n s i v e i n v e s t i g a t i o n s h a v e been a c c o m p l i s h e d b y S p e i k e r and 
h i s a s s o c i a t e s on t h e a r e a s l y i n g e a s t of t h e a r e a u n d e r d i s c u s s i o n . 
S p e i k e r ( 1 9 2 8 ) , and Baker 0-928) a l s o c a r r i e d o u t i n v e s t i g a t i o n s 
i n S a l i n a Canyon D i s t r i c t . They p u b l i s h e d a j o i n t r e p o r t t i t l e d 
"Geology and Coal r e s o u r c e s of t h e S a l i n a Canyon D i s t r i c t , U t a h " . 
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Schof f (1937) d i s c u s s e d t h e g e o l o g y of Cedar H i l l s , He p u b l i s h e d 
h i s f i n d i n g s i n a d o c t o r a l t h e s i s a t Ohio S t a t e U n i v e r s i t y , The 
Cedar H i l l s i s a g r o u p of low l y i n g h i l l s i n t h e n o r t h e r n p a r t of 
S a n p e t e V a l l e y . 
E a r d l e y , G i l b e r t , and L o u g h l i n h a v e c o n t r i b u t e d a g r e a t d e a l 
of i n f o r m a t i o n a b o u t t h e S o u t h e r n Wasa tch Moun ta in , which l i e s f a r t h e r 
n o r t h . A b i b l i o g r a p h y which a p p e a r s a t t h e end of t h i s r e p o r t g i v e s 
t h e t i t l e s of v a r i o u s works and t h e y e a r of t h e p u b l i c a t i o n of 
t h e i r w o r k . 
B e s i d e s t h e above w o r k e r s , v a r i o u s i n v e s t i g a t o r s m a i n l y from 
Ohio S t a t e U n i v e r s i t y have d e s c r i b e d t h e g e o l o g y of t h e Gunnison 
P l a t e a u i n a number of d i s s e r t a t i o n s e i t h e r f o r m a s t e r s d e g r e e s 
o r d o c t o r a l d e g r e e s . These d i s s e r t a t i o n s p e r t a i n t o t h e s t r a t i g r a p h y , 
l i t h o l o g y , o r s t r u c t u r a l g e o l o g y of t h e Gunnison p l a t e a u o r a r e a s 
a round i t . 
The f o l l o w i n g a u t h o r s from Ohio S t a t e U n i v e r s i t y h a v e c o n t r i b u t e d 
t o t h e g e o l o g i c a l i n f o r m a t i o n c o n c e r n i n g t h e Gunnison P l a t e a u . 
T a y l o r ( 1 9 ^ 8 ) , d i s c u s s e d t h e g e o l o g y of t h e Gunnison P l a t e a u f r o n t 
i n t h e v i c i n i t y of W a l e s , U t a h . Whereas G i l l i l a n d (19^9) d e s c r i b e d 
t h e g e o l o g y of t h e Gunnison Quadrang le i n a d o c t o r a l d i s s e r t a t i o n a t 
Ohio S t a t e U n i v e r s i t y . T h i s work was p u b l i s h e d b y t h e U n i v e r s i t y of 
Nebraska a t L i n c o l n i n 1951 • u n d e r t h e p u b l i c a t i o n program t i t l e d 
a s ' U n i v e r s i t y of N e b r a s k a , News S e r i e s ' . Hardy (19^9) d e s c r i b e d t h e 
' S t r a t i g r a p h y and S t r u c t u r e of t h e A r a p i a n S h a l e s and t h e T w i s t 
Gulch F o r m a t i o n i n S e v i e r V a l l e y * , i n a d o c t o r a l t h e s i s . Katherman 
( 1 9 ^ 8 ) , and G i l l s ( 1 9 5 0 ) d e s c r i b e d t h e L i t h o l o g y of t h e F l a g s t a f f 
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L imes tone on t h e E a s t e r n f r o n t of t h e Gunnison P l a t e a u and a r o u n d 
S p r i n g C i t y - M a n t i A r e a s r e s p e c t i v e l y , Lee ( 1 9 5 0 ) , Bonar ( 1 9 ^ 8 ) , 
and Wi l son (19^9 ) d e s c r i b e d P e t r o g r a p h y of t h e P r i c e R i v e r F o r m a t i o n , 
Geology of Ephra im a r e a , and Geology of t h e u p p e r S i x Mi le Canyon 
Area r e s p e c t i v e l y . Hardy (19^-8) d i s c u s s e d t h e s t r a t i g r a p h y and 
s t r u c t u r e of a p o r t i o n of t h e w e s t e r n m a r g i n of t h e Gunnison P l a t e a u 
i n a m a s t e r ' s d e g r e e t h e s i s . He d e s c r i b e d f o r m a t i o n s r a n g i n g i n age 
from u p p e r C r e t a c e o u s t o R e c e n t , The a r e a of H a r d y ' s i n v e s t i g a t i o n s 
t h o u g h , l i e s on t h e w e s t e r n f r o n t of t h e Gunnison P l a t e a u , where t h e 
T w i s t Gulch f o r m a t i o n i s e x t e n s i v e l y exposed b u t c h a r a c t e r i s t i c a l l y 
shows t h e a b s e n c e of any t r a c e of t h e T w i s t Gulch f o r m a t i o n . Hunt 
( 1 9 5 0 ) , Z e l l e r (19^9) and B a b i s a k (19^9) d i s c u s s e d t h e s t r a t i g r a p h y 
and s t r u c t u r e of p o r t i o n s of t h e Gunn i son P l a t e a u ' s n o r t h e r n , w e s t 
c e n t r a l , and s o u t h e a s t e r n f r o n t s r e s p e c t i v e l y . T h e i r work c o n t a i n s 
v e r y l i t t l e new i n f o r m a t i o n e x c e p t each work i s a p i o n e e r w o r k . There 
i s p r a c t i c a l l y no d e s c r e p a n c y i n t h e i r c o r r e l a t i o n and d e s c r i p t i o n 
of v a r i o u s f o r m a t i o n s . 
B e s i d e s t h e above m e n t i o n e d i n v e s t i g a t i o n s t h e f o l l o w i n g a u t h o r s 
have a l s o c o n t r i b u t e d t o t h e g e o l o g i c a l i n f o r m a t i o n of t h e Gunnison 
P l a t e a u . Washbur ( 1 9 ^ 8 ) , B a y l e y ( 1 9 5 0 ) , F r a z i e r ( 1 9 5 1 ) , Fagadau 
(19^9) and Johnson ( 1 9 ^ 9 ) . 
I t i s n o t e w o r t h y t h a t i n t h e f i r s t h a l f of t h i s c e n t u r y a l l t h e 
m a j o r i n v e s t i g a t i o n s were c a r r i e d o u t b y g r a d u a t e s t u d e n t s of Ohio 
S t a t e U n i v e r s i t y u n d e r t h e g u i d a n c e of Dr , E, M. S p e i k e r . S p e i k e r 
h a s c o n d u c t e d an a l m o s t c o n t i n u o u s s e r i e s of summer camps i n t h i s 
a r e a f o i t h e s t u d e n t s of Ohio S t a t e U n i v e r s i t y . From t h e v o l u m i n o u s 
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work done b y S p e i k e r and h i s s t u d e n t s i t i s a p p a r e n t t h a t S p e i k e r 
i s a f o r e m o s t a u t h o r i t y on t h e g e o l o g y o f C e n t r a l U t a h , However, 
one w o n d e r s how a l l t h e w o r k e r s f rom Ohio S t a t e U n i v e r s i t y , who r e n d e r e d 
a s e r i e s of m a s t e r and d o c t o r a l d i s s e r t a t i o n s f a i l e d t o t a k e n o t e of 
t h e o c c u r r e n c e o f m e t a l i f e r o u s s t r a t a i n t h e N o r t h Horn f o r m a t i o n e x p o s e d 
n o r t h of Dry Canyon, 
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G R E A T B A S I N C O L O R A D O P L A T E A U S 
LAVA BEDS VOLCANICS 
GRAY GULCH F O R M A T I O N DUCHESNE RIVER FM. 
BALD KNOLL FORMATION UINTA FORMATION 
C R A Z Y HOLLOW FM. BRIDGER FORMATION 
G R E E N ^^r-cCT^ R I V E R F O R M A T I O N 
COLTON FORMATION 
F L A G S T A F F 
NORTH 
COLTON F O R M A T I O N 
L A G S T A F F FORMATION 
IORTH HORN FORMATION 
RIVER FORMATION 
BLACKHAWK FM. 
S T A R POINT SS . 
MASUK S H A L E 
E M E R Y S S . 
BLUE GATE SH. 
FERRON SS. 
TUNUNK SH. 
M A N C O S 
S H A L E 
MORRISON FM. 
S U M M E R V I L L E 
C U R T I S 
E N T R A D A 
CARMEL 
S A N 
R A F A E L 
GROUP 
NAVAJO S S . 
ANGULAR UNCONFORMITY 
F i g u r e 3. I n t e r r e l a t i o n s of the S t r a t a of G r e a t B a s i n , 
Modified a f t e r S p e i k e r , 1 9 4 9 , p a g e II. 
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STRATIGRAPHY 
GENERAL FEATURES 
The r o c k u n i t s o r s t r a t a i n t h e a r e a of i n v e s t i g a t i o n r e p r e s e n t 
d e p o s i t i o n f rom u p p e r J u r a s s i c t o Midd le T e r t i a r y . 
These r o c k u n i t s o r s t r a t a mark a t r a n s i t i o n from c r a t o n i c 
c o n d i t i o n s i n t h e e a s t ( C o l o r a d o P l a t e a u s ) t o g e o s y n c l i n a l c o n d i t i o n s 
t o t h e we s t ( G r e a t B a s i n ) , and show much r e s e m b l a n c e t o t h o s e b e d s 
t h a t a r e p r e s e n t i n t h e w e s t e r n h a l f of t h e Wasa tch P l a t e a u ( S p e i k e r , 
1 9 ^ 6 , p . 122)o F i g u r e 3 shows t h e i n t e r r e l a t i o n s of t h e s t r a t a 
of t h e G r e a t B a s i n , C o l o r a d o P l a t e a u , and T r a n s i t i o n z o n e . 
The o l d e s t s t r a t a i n t h e a r e a , t h e Twis t Gulch f o r m a t i o n d e v e l o p e d 
i n m a r i n e e n v i r o n m e n t s . I t i s p o s s i b l e t h a t some p o r t i o n of t h e 
I n d i a n o l a f o r m a t i o n i s m a r i n e a s s u g g e s t e d by t h e p r e s e n c e of some 
t h i n b e d s of s h a l e s showing g r e a t r e s e m b l a n c e t o t h e u n d e r l y i n g 
T w i s t Gulch f o r m a t i o n . C o n t i n e n t a l e n v i r o n m e n t s a r e r e p r e s e n t e d by 
t h e r e m a i n d e r of t h e I n d i a n o l a f o r m a t i o n and t h e Nor th H o r n , t h e P r i c e 
R i v e r , t h e F l a g s t a f f , and t h e Green R i v e r f o r m a t i o n s * 
The c o n t i n e n t a l e n v i r o n m e n t of d e p o s i t i o n shows s e v e r a l v a r i a t i o n s , 
i . e . , from f l u v i a l and p i e d m o n t t o l a c u s t r i n e e n v i r o n m e n t c o n d i t i o n s * 
F l u v i a l e n v i r o n m e n t s p r e v a i l e d d u r i n g u p p e r C r e t a c e o u s t i m e w h e r e a s 
m a i n l y l a c u s t r i n e e n v i r o n m e n t s p e r s i s t e d t h r o u g h P a l e o c e n e and E o c e n e . 
The s t r a t a f o l l o w t h e g e n e r a l l a w of s u p e r p o s i t i o n . The T w i s t 
Gulch f o r m a t i o n a t t h e b a s e ( d i s a p p e a r i n g u n d e r a l l u v i u m ) and t h e 
Green R i v e r a t t h e t o p ( o c c u r s m a i n l y a t t h e c r e s t of h i g h l a n d ) . The 
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r e s t of t h e s t r a t a o r t h e i n t e r v e n i n g s t r a t a be tween t h e o l d e s t 
and t o p m o s t o c c u r n o r m a l l y e x c e p t where s u b j e c t e d t o f a u l t i n g and 
i n t e n s e f o l d i n g , 
A summary of t h e v a r i o u s f o r m a t i o n s , t h e i r l i t h o l o g i c c h a r a c t e r ­
i s t i c s and t h i c k n e s s e s a r e g i v e n i n T a b l e 1 # The t a b l e i s e x a c t l y 
t h e same a s p r e s e n t e d b y S p e i k e r (19^6) l a t e r a d o p t e d by H un t ( 1 9 ^ 8 ) , 
However, t h e t h i c k n e s s f i g u r e s d i f f e r s l i g h t l y and some c h a n g e s i n 
n o m e n c l a t u r e a r e s u g g e s t e d . 
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Limestone3 white to gray; shale3 gray to gray-green; sandstone3 



























C O L T O N 
Shale3 variegated3 mostly red and gray; limestone3 light-gray to 
white; sandstone










































F L A G S T A F F 
Limestone3 dense3 fine to lithographicy gray3 grayish-white3 and 
black3 fossiliferous3 algal balls abundant. 3 5 0 ' -











































Conglomerate in basal part3 rounded to sub-rounded dark limestone 
pebbles and light colored quartzite pebbles present3 cross-
bedded sandstone3 gray3 brown3 and tan3 metalliferous locally; * 
1 6 9 9 ' -










































P R I C E R I V E R 
Conglomerate3 roundued to sub-rounded pebbles varying in size from 
3 inches to 10 inches3 mostly quartzitic3 tan to brown3 massive 
cliff forming. 










































I N D I A N O L A 
(UNDIFFERENT­
I A T E D ) 
Conglomerate, variegated3 ranging in color from white to light-gray; 






























T W I S T GULCH 
Shale3 red and gray3 gypsiferous at places3 blocky; siltstone3 red; 
sandstone3 reddish-gray. 9 6 0 + 
T a b l e I. S t r a t i g r a p h y o f D r y C a n y o n a n d V i c i n i t y , G u n n i s o n P l a t e a u , S a n p e t e C o . , U t a h . 
*Limestone3 tan and gray3 algal balls occurring mostly in limestone. 
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JURASSIC SYSTEM 
UPPER JURASSIC 
TWIST GULCH FORMATION 
D e f i n i t i o n , Type L o c a l i t y , and R e g i o n a l N o m e n c l a t u r e . 
The name T w i s t Gulch was a s s i g n e d b y S p e i k e r ( 1 9 ^ 6 , p . 1 2 3 - 1 2 4 ) 
t o t h e u p p e r member of t h e A r a p i e n S h a l e f o r m a t i o n of Upper J u r a s s i c 
a g e . P r e v i o u s l y t h e whole body of t h e s e s e d i m e n t s ( S p e i k e r ' s A r a p i a n 
S h a l e ) was n o t d i f f e r e n t i a t e d and was c o l l e c t i v e l y r e f e r r e d t o 
a s J u r a s s i c S h a l e , 
S i n c e S p e i k e r c o i n e d t h i s t e r m , s u b s e q u e n t i n v e s t i g a t o r s h a v e 
r e v i s e d t h e r a n k of t h e T w i s t Gu lch , and have r a i s e d i t t o f o r m a t i o n a l 
r a n k . I n f a c t , b o t h S p e i k e r and Hardy (19^-9) r e v i s e d t h e scheme of 
n o m e n c l a t u r e . Thus A r a p i a n S h a l e , w h i c h was o r i g i n a l l y d i v i d e d i n t o 
two members , t h e Twelve m i l e Canyon member (Lower member) and t h e 
T w i s t Gulch member (Upper member ) , now a p p l i e s t o t h e Twelve m i l e 
Canyon member which h a s b e e n a l s o r a i s e d t o f o r m a t i o n a l r a n k . 
The body of t h e s e d i m e n t s r e f e r r e d t o a s t h e T w i s t Gulch f o r m a t i o n 
i s of m a r i n e o r i g i n and c o n s i s t s of r e d and g r a y s h a l e , s a n d s t o n e , and 
s i l t s t o n e . The s h a l e i s g y p s i f e r o u s and a t s e v e r a l p l a c e s gypsum and 
r o c k s a l t o c c u r i n w e l l d e f i n e d s t r a t a . 
The t y p e l o c a l i t y , a f t e r w h i c h t h e f o r m e r member and now t h e T w i s t 
Gulch f o r m a t i o n was named, l i e s i n t h e n o r t h s i d e of S a l i n a Canyon, 
i n S a l i n a Canyon d i s t r i c t ( S p e i k e r , 1 9 ^ 9 , p . 1 2 3 ) , 
"The n o m e n c l a t u r e of . . , r o c k s . • . r e f e r r e d " t o a s T w i s t Gulch 
f o r m a t i o n and t h e A r a p i a n S h a l e f o r m a t i o n " p r e s e n t s a p r o b l e m i n t h a t 
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t h e a r e a l i e s be tween two r e g i o n s i n which J u r a s s i c s t r a t a , probably-
e q u i v a l e n t i n l a r g e p a r t t o t h e c e n t r a l Utah b e d s , h a v e b e e n c l a s s i f i e d 
i n two d i f f e r e n t schemes b o t h of wh ich have b e e n w i d e l y u s e d . I n s t e a d 
of b e i n g c l e a r l y c o r r e l a t a b l e w i t h e i t h e r of t h e s e two s e c t i o n s , 
t h e s t r a t a of c e n t r a l Utah a r e i n i m p o r t a n t r e s p e c t s d i f f e r e n t from 
b o t h " ( S p e i k e r , 1 9 4 6 , p , 1 2 3 ) , 
The n o m e n c l a t u r e e v o l v e d by V e a t c h ( 1 9 0 7 , p . 5 6 - 5 8 ) f o r t h e 
J u r a s s i c s e c t i o n i n S o u t h w e s t e r n Wyoming i s a p p l i e d and e x t e n s i v e l y 
u s e d f o r t h e m a r i n e J u r a s s i c f o r m a t i o n e x p o s e d i n t h e n o r t h , i . e . , 
Wasa tch and U i n t a M o u n t a i n s , and t h e a d j a c e n t a r e a s i n n o r t h w e s t e r n 
U tah and s o u t h w e s t e r n Wyoming. See T a b l e 2 ( i n p o c k e t ) . Whereas 
t h e n o m e n c l a t u r e e s t a b l i s h e d f o r t h e s e c t i o n of t h e San R a f a e l 
S w e l l by B a k e r , Dane, and R e e s i d e (193&, p» 3 ) h a s s e r v e d f o r e a s t 
and s o u t h i n t h e C o l o r a d o P l a t e a u s a s a s t a n d a r d . See T a b l e 
2 ( i n p o c k e t ) . 
Thus b e c a u s e of t h e a b s e n c e of a n y d e p e n d a b l e e v i d e n c e f o r 
c o r r e l a t i o n of t h e T w i s t Gulch and t h e A r a p i e n S h a l e f o r m a t i o n s w i t h 
e i t h e r n o r t h e r n s e c t i o n s o r s o u t h e r n s e c t i o n s , no p r e - e x i s t i n g t e r m 
h a s b e e n u s e d t o d e s i g n a t e ' J u r a s s i c S h a l e 1 now r e f e r r e d t o a s 
A r a p i e n S h a l e by S p e i k e r ( 1 9 4 6 ) , and T w i s t Gulch f o r m a t i o n b y 
Hardy and S p e i k e r ( 1 9 4 9 ) . 
The T w i s t Gulch f o r m a t i o n of c a n t r a l Utah i s r o u g h l y c o r r e l a t a b l e 
t o t h e u p p e r p o r t i o n s of t h e San R a f a e l g r o u p . However , t h e T w i s t 
Gulch f o r m a t i o n c a n n o t be d i f f e r e n t i a t e d and s p l i t i n t o v a r i o u s 
u n i t s w i t h any a c c u r a c y comparab le t o t h e a c c u r a c y i n v o l v e d i n t h e 
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s u b - d i v i s i o n of t h e San R a f a e l g r o u p . I t i s r o u g h l y c o r r e l a t a b l e 
w i t h t h e C u r t i s and Summerv i l l e f o r m a t i o n of t h e San R a f a e l g r o u p . 
D i s t r i b u t i o n 
The Twis t Gulch f o r m a t i o n , which was o r i g i n a l l y d e f i n e d by 
S p e i k e r ( 1 9 4 6 , p . 1 2 3 - 1 2 6 ) a s t h e Upper member of t h e A r a p i e n S h a l e 
and l a t e r r e d e s i g n a t e d a s a f o r m a t i o n b y Hardy and S p e i k e r (1949) 
c r o p s o u t i n t h e n o r t h s i d e o f S a l i n a Canyon, t h e t y p e l o c a l i t y . I t 
c r o p s o u t c o n s p i c u o u s l y i n a b e l t 2 t o 3 m i l e s w i d e , on t h e e a s t 
s i d e of S e v i e r V a l l e y a l o n g t h e m a r g i n of t h e Wasa tch P l a t e a u . " I t 
b e g i n s a t t h e s o u t h e r n end of S a n p e t e V a l l e y , n e a r t h e main h ighway 
a b o u t 5 m i l e s e a s t of G u n n i s o n , and e x t e n d s sou thward p a s t S a l i n a 
t o a p o i n t a b o u t 6 m i l e s s o u t h e a s t of R i c h f i e l d " ( S p e i k e r , 1 9 4 6 , 
p . 1 2 4 ) . I n t h e s e l o c a l i t i e s t h e u p p e r l i m i t s of T w i s t Gulch f o r m a t i o n 
i s f o u n d c l e a r l y e x p o s e d i n S a l i n a Canyon. The o v e r l y i n g b e d s i n t h i s 
r e g i o n p r o b a b l y b e l o n g t o M o r r i s o n ( ? ) f o r m a t i o n . These b e d s c o m p r i s e 
of S a n d s t o n e , C o n g l o m e r a t e , and V a r i e g a t e d s h a l e ( S p e i k e r , 1 9 4 6 , 
p . 1 2 4 ) . The b a s e of t h e T w i s t Gulch f o r m a t i o n was r e c e n t l y d e f i n e d 
b y Hardy ( 1 9 4 9 ) . 
G i l l i l a n d (1951> P* 1 0 - 1 5 ) , who d e s c r i b e d t h e g e o l o g y of t h e 
Gunnison Q u a d r a n g l e d i d n o t d i f f e r e n t i a t e t h e Twis t Gulch f o r m a t i o n 
from t h e A r a p i e n S h a l e , b u t mapped t h e e n t i r e f o r m a t i o n a s a u n d i f ­
f e r e n t i a t e d s i n g l e u n i t . However , t h e r e a r e i n d i c a t i o n s t h a t t h e 
b u l k of t h e G i l l i l a n d s * u n d i f f e r e n t i a t e d u n i t i s t h e T w i s t Gulch 
f o r m a t i o n . 
S p e i k e r (1949) and Hardy (1949) who d e s c r i b e d t h e s t r a t i g r a p h y 
and s t r u c t u r e of t h e A r a p i e n s h a l e and t h e T w i s t Gulch f o r m a t i o n s of 
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S e v i e r V a l l e y have d i f f e r e n t i a t e d t h e T w i s t Gulch f o r m a t i o n from 
t h e A r a p i e n S h a l e f o r m a t i o n . 
I n a d d i t i o n t o t h e o c c u r r e n c e s of t h e T w i s t Gulch f o r m a t i o n i n 
a b e l t a l o n g t h e m a r g i n of t h e Wasa tch P l a t e a u , i t a l s o o c c u r s i n 
s c a t t e r e d o u t c r o p s t h r o u g h S e v i e r V a l l e y , and i n a t h i c k and c o n t i n ­
u o u s b e l t e x t e n d i n g a l l a l o n g t h e w e s t e r n b a s e of t h e Gunn i son P l a t e a u . 
I t o u t c r o p s a t t h e s o u t h e r n end of t h e Wasatch Moun ta in s and i s 
e x t e n s i v e l y exposed i n t h e s o u t h e r n f o o t h i l l s of Mount Nebo. These 
s c a t t e r e d o c c u r r e n c e s h a v e b e e n d e s c r i b e d by E a r d l e y (1933» P* 331)* 
The T w i s t Gulch f o r m a t i o n i s a l s o e x p o s e d i n d i s c o n t i n u o u s o u t ­
c r o p s a l o n g t h e e a s t e r n b a s e of t h e Gunnison P l a t e a u . 
S p e i k e r ( 1 9 4 6 ) , r e c o g n i z e d o u t c r o p s o f t h e T w i s t Gulch f o r m a t i o n 
n e a r T h i s t l e and i n t h e d i s t r i c t n o r t h of I n d i a n o l a . 
G i l l i l a n d ( 1 9 5 1 , p . 1 3 ) , r e p o r t s t h e o c c u r r e n c e of t h e T w i s t Gulch 
f o r m a t i o n s o u t c r o p s " a l o n g much of t h e w e s t e r n e d g e s o f t h e J u r a s s i c 
b a d l a n d s ; a t t h e s o u t h end of Green R i v e r Hogback l o c a t e d i m m e d i a t e l y 
s o u t h of Wi l low C r e e k , and i n Redmond H i l l s " ( G i l l i l a n d , 1 9 5 1 , p . 1 3 ) . 
The T w i s t Gulch ( ? ) f o r m a t i o n e x p o s e d i n Wi l low Creek a r e a and 
Redmond H i l l s i s s a l t b e a r i n g . The r o c k S a l t i s t h e dominan t s a l i n e 
c o n s t i t u e n t of t h e s t r a t a i n t h e Redmond H i l l s l o c a l i t i e s ( G i l l i l a n d g 
1 9 5 1 , P . 1 3 ) . 
L i t h o l o g y and T h i c k n e s s 
The T w i s t Gulch f o r m a t i o n ( f o r m e r u p p e r member of A r a p i e n S h a l e 
l a t e r r e d e s i g n a t e d b y Hardy (1949) and S p e i k e r (1949) a s f o r m a t i o n ) , 
c o n s i s t s of t h i n bedded d a r k r e d m a s s i v e t o c h o c o l a t e s i l t s t o n e s , 
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s a n d s t o n e s and s h a l e . I t i s i n f a c t , a v a r i e g a t e d s e r i e s showing a 
g r e a t v a r i e t y of c o l o r and t e x t u r a l v a r i a t i o n s . 
I n l o c a l i t i e s o t h e r t h a n e a s t e r n and w e s t e r n f r o n t s of t h e 
Gunnison P l a t e a u , i t c o n s i s t s of compac t r e d s a l t b e a r i n g s h a l e s , 
t h i n b e d d e d r e d s i l t s t o n e , and s h a l e . I n t e r b e d d e d w i t h t h e s e 
l i t h o l o g i e s a r e many t h i n b e d s of g r e e n i s h , g r a y , g r a y i s h - w h i t e 
s i l t s t o n e s . O c c a s i o n a l l y l e n t i c u l a r l a y e r s of c o a r s e g r a i n e d s a n d ­
s t o n e o c c u r a t v a r i o u s l e v e l s . 
On t h e e a s t e r n f r o n t of t h e Gunn i son P l a t e a u t h e Twis t Gulch 
f o r m a t i o n o c c u r s a t t h e b a s e of f r o n t and p a s s e s u n d e r t h e a l l u v i u m 
of t h e S a n p e t e V a l l e y . The o c c u r r e n c e o f t h e Twis t Gulch f o r m a t i o n i s 
f a i r l y p e r s i s t e n t t h r o u g h t h e e n t i r e e a s t e r n f r o n t s t a r t i n g w e s t of 
W a l e s . However , i t t h i n s and t h i c k e n s b o t h i n t h e n o r t h e a s t and s o u t h 
of t h e a r e a of i n v e s t i g a t i o n . The T w i s t Gulch f o r m a t i o n o c c u r s i n a 
t h i n b e l t v a r y i n g i n t h i c k n e s s from a few f e e t t o s e v e r a l h u n d r e d f e e t . 
As s t a t e d p r e v i o u s l y t h e T w i s t Gulch ( ? ) f o r m a t i o n c o n s i s t s of 
S a l t - b e d s i n Redmond H i l l s and Wi l low C r e e k , howeve r , i t l a c k s a n y 
m e n t i o n a b l e q u a n t i t y of s a l i n e d e p o s i t s on t h e e a s t e r n f r o n t of t h e 
Gunnison P l a t e a u . E x c e p t f o r t h e p r e s e n c e of few v e r y t h i n l a m i n a e 
of gypsum a l o n g t h e b e d d i n g p l a n e s and some v e i n s c u t t i n g a c r o s s t h e 
s t r a t a , no o t h e r s a l i n e d e p o s i t s a r e p r e s e n t . 
Hardy (19^9) r e c o g n i z e d f i v e u n i t s i n t h e A r a p i e n S h a l e . The 
d i s c u s s i o n of a l l t h e f i v e u n i t s w i l l b e o u t of p l a c e and beyond t h e 
scope of t h e d i s c u s s i o n i n t e n d e d u n d e r Twis t Gulch f o r m a t i o n . However, 
H a r d y ' s (19^9 ) U n i t No. 5 d e s i g n a t e d b y him a s ' U n i t E ' c o n s i s t s of 
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" B r i c k r e d s i l t y s h a l e , l o c a l l y s a l t - b e a r i n g . The s a l t a p p e a r s t o 
be s t r a t i f i e d and commonly " c o n t a i n s a c o n s i d e r a b l e amount of r e d 
c l a y " . 
The u p p e r p a r t s of u n d i f f e r e n t i a t e d A r a p i e n S h a l e i n t h e Gunnison 
Quadrang le show g r e a t a f f i n i t i e s w i t h H a r d y ' s ' U n i t E ' Which may be 
t h e e q u i v a l e n t of t h e T w i s t Gulch f o r m a t i o n . B u t on t h e b a s i s of t h e 
o c c u r r e n c e of s i l t d e p o s i t s , H a r d y ' s ' U n i t E ' , c a n b e r e g a r d e d a s 
t h e u p p e r member of A r a p i e n S h a l e . A l t h o u g h t h e T w i s t Gulch f o r m a t i o n 
e x p o s e d a l o n g t h e e a s t e r n f r o n t of t h e Gunnison P l a t e a u , shows r e ­
semblance t o ' U n i t E* of H a r d y i n b r o a d e r a s p e c t s , h o w e v e r , i s i n 
s h a r p c o n t r a s t a s no s a l t d e p o s i t s a r e a s s o c i a t e d w i t h i t . 
In t h e Gunnison P l a t e a u t h e t h i c k n e s s of t h e T w i s t Gulch f o r m a t i o n 
c a n n o t b e d e t e r m i n e d f i r s t l y b e c a u s e t h e r e a r e s e v e r a l l o c a l i t i e s 
where t h e T w i s t Gulch c a n n o t b e d i f f e r e n t i a t e d from t h e A r a p i e n S h a l e , 
s e c o n d l y , t h e i n t e s n e f o l d i n g and f a u l t i n g p r e v e n t s a c c u r a t e m e a s u r e ­
ment and e s t a b l i s h m e n t of a d e f i n i t e t h i c k n e s s . Hardy (1949) 
r e p o r t e d a t l e a s t 1910 f e e t of t h e T w i s t Gulch f o r m a t i o n e x p o s e d i n 
S a l i n a Canyon. There t h e b e d s a r e p a r t i a l l y c o v e r e d and d i s r u p t e d by 
f a u l t s . S p e i k e r ( 1 9 4 6 , p . 1 2 3 ) , a s s u m i n g a n o r m a l s equence ( t h e f a u l t 
r u n s p a r a l l e l t o b e d d i n g p l a n s ) e s t i m a t e d a t o t a l t h i c k n e s s 3000 f e e t 
i n t h e same l o c a l i t y . 
The e x p o s e d t h i c k n e s s of t h e T w i s t Gulch f o r m a t i o n e x p o s e d a l o n g 
t h e e a s t e r n f r o n t of t h e Gunnison P l a t e a u and i n t h e a r e a o f i n v e s t i g a ­
t i o n , v a r i e s f rom a few f e e t t o s e v e r a l h u n d r e d f e e t . I n t h e a r e a of 
i n v e s t i g a t i o n , t h e maximum t h i c k n e s s of t h e f o r m a t i o n i s a b o u t 960+ 
f e e t a s m e a s u r e d b y t h e w r i t e r . 
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S e c t i o n of t h e T w i s t Gulch f o r m a t i o n measu red a t t h e mouth of 
Dry Canyon and b a s e of t h e n o r t h e r n w a l l . 
Base Covered F e e t I n c h e s 
S h a l e , g r a y , d e n s e and compact 8 
S h a l e , r e d , b l o c k y , gypsum p a r t i n g s . 13 8 
S a n d s t o n e , l i g h t g r a y t o g r a y i s h w h i t e 
f i n e t o medium g r a i n e d . . • . 1 10 
S h a l e , r e d , compac t and h a r d , t r a v e r s e d b y 
j o i n t s wh ich d i v i d e t h e u n i t i n t o b l o c k s . . . 5 6 
S a n d s t o n e , g r a y , f r i a b l e , s h a l y p a r t i n g s of r e d 
c o l o r , f i n e t o medium a n g u l a r t o s u b - a n g u l a r • 60 6 
S a n d s t o n e and s h a l e s , a l t e r n a t i n g , r e d , medium 
g r a i n e d , s h a l e s , s andy and t r a v e r s e d 
b y gypsum v e i n s , . , , 870 6 
T o t a l t h i c k n e s s 960 
R e l a t i o n t o A d j a c e n t F o r m a t i o n s 
The T w i s t Gulch f o r m a t i o n i s t h e o l d e s t f o r m a t i o n i n t h e a r e a 
and i t s b a s e i s n o t exposed b e c a u s e i t i s c o v e r e d b y a l l u v i u m o r 
v a l l e y f i l l wh ich c o v e r s t h e f l o o r o f S a n p e t e V a l l e y , 
The T w i s t Gulch f o r m a t i o n i s o v e r l a i n i n t h e a r e a b e t w e e n Dry 
Canyon and Maple Canyon e i t h e r b y t h e P r i c e R i v e r f o r m a t i o n o r t h e Nor th 
Horn f o r m a t i o n . At no l o c a l i t y i t i s found t o be o v e r l a i n b y t h e n e x t 
immedia t e y o u n g e r f o r m a t i o n , which i s t h e u n d i f f e r e n t i a t e d I n d i a n o l a 
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f o r m a t i o n . However on t h e b a s i s of e x p o s u r e i n o t h e r r e g i o n s 
( n o r t h t o Coa l Canyon) where t h e Twis t Gulch f o r m a t i o n i s o v e r l a i n 
by t h e I n d i a n o l a f o r m a t i o n , i t i s o b s e r v e d t h a t t h e o v e r l y i n g I n d i a n o l a 
f o r m a t i o n i s s e p a r a t e d from t h e Twis t Gulch f o r m a t i o n s b y an u n c o n f o r m i t y . 
The c o n t a c t o f t h e T w i s t Gulch f o r m a t i o n w i t h e i t h e r t h e P r i c e R i v e r 
f o r m a t i o n o r t h e Nor th Horn f o r m a t i o n i s u n c o n f o r m a b l e . The T w i s t 
Gulch f o r m a t i o n i s s e p a r a t e d from e i t h e r f o r m a t i o n b y an a n g u l a r 
u n c o n f o r m i t y (Hunt , 1 9 4 8 , p . 1 9 ) . Only n e a r Wales ( n o t i n a r e a ) 
t h e Twis t Gulch f o r m a t i o n i s o v e r l a i n b y t h e M o r r i s o n ( ? ) f o r m a t i o n . 
The M o r r i s o n f o r m a t i o n , which h a s b e e n o b s e r v e d and d e s c r i b e d from 
v a r i o u s l o c a l i t i e s of c e n t r a l Utah i s c o n s p i c u o u s l y m i s s i n g from t h e 
a r e a . The same i s t r u e f o r r o c k s of t h e Lower C r e t a c e o u s age which 
a r e a l t o g e h t e r a b s e n t . S p e i k e r ( 1946 , p . 158) h a s s u g g e s t e d t h a t t h e 
a b s e n c e of t h e M o r r i s o n and t h e Lower C r e t a c e o u s f o r m a t i o n i s n o t 
due t o e x t e n s i v e e r o s i o n b u t r a t h e r due t o t h e s t a r v a t i o n o r non 
d e p o s i t i o n i n t h e b a s i n o r i t s n e u t r a l i t y . 
Age and C o r r e l a t i o n 
I n a r e g i o n a l c o r r e l a t i o n scheme, Schof f (1937) c o r r e l a t e d t h e 
T w i s t Gulch f o r m a t i o n ( t h e t h e n u p p e r member of t h e A r a p i e n S h a l e ) 
w i t h t h e Twin Creek i n t h e v i c i n i t y of S a l t Lake C i t y and of t h e 
San R a f a e l g r o u p of s o u t h e r n w e s t e r n C o l o r a d o . 
A g e n e r a l i z e d c o r r e l a t i o n of t h e T w i s t Gulch f o r m a t i o n w i t h t h e 
San R a f a e l g r o u p of s o u t h e a s t e r n Utah was s u g g e s t e d b y S p e i k e r ( 1 9 4 6 , 
p . 1 2 3 - 1 2 5 ) i n h i s o r i g i n a l scheme of n o m e n c l a t u r e f o r t h e r o c k s of 
c e n t r a l U t a h . He s u g g e s t e d an Upper J u r a s s i c age f o r t h e T w i s t Gulch 
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f o r m a t i o n . H i s c o r r e l a t i o n was s t r e n g t h e n e d b y Hardy (1949) who 
con f i rmed t h a t t h e T w i s t Gulch f o r m a t i o n was c o r r e l a t a b l e w i t h t h e 
E n t r a d a , t h e C u r t i s , and t h e Summerv i l l e s equence of t h e San R a f a e l 
Group of e a s t - c e n t r a l U t a h , The f a u n a of t h e m i d d l e u n i t s of T w i s t 
Gulch show r e m a r k a b l e a f f i n i t i e s t o f a u n a found i n C u r t i s f o r m a t i o n , 
I h u s on l i t h o l o g i c , s t r a t i g r a p h i c , and p a l e o n t o l o g i c e v i d e n c e s , t h e 
T w i s t Gulch i s c o r r e l a t a b l e w i t h t h e u p p e r f o r m a t i o n s of t h e San 
R a f a e l g r o u p . The T w i s t Gulch f o r m a t i o n i s a l s o r o u g h l y c o r r e l a t a b l e 
w i t h t h e P r u e s s o f n o r t h c e n t r a l U t a h , s o u t h w e s t e r n of I d a h o , and 
s o u t h w e s t of Wyoming, See T a b l e 2 ( i n p o c k e t ) . 
On t h e b a s i s of above m e n t i o n e d e v i d e n c e s a l a t e u p p e r J u r a s s i c 
age f o r t h e T w i s t Gulch f o r m a t i o n seems t o b e m o s t s u i t a b l e . 
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INDIANOLA GROUP UNDIFFERENTIATED 
D e f i n i t i o n and Type L o c a l i t y 
The t e r m I n d i a n o l a g r o u p was g i v e n by S p e i k e r t o a s e q u e n c e of 
u n d i f f e r e n t i a t e d r o c k s e x p o s e d n e a r I n d i a n o l a and found i n s c a t t e r e d 
a s w e l l a s c o n t i n u o u s o u t c r o p s i n v a r i o u s l o c a l i t i e s of c e n t r a l U t a h , 
These s t r a t a a r e a h e t e r o g e n e o u s a s s e m b l a g e of c o n g l o m e r a t e , s a n d s t o n e , 
l i m e s t o n e and s h a l e , of b o t h m a r i n e and n o n - m a r i n e o r i g i n , and show 
a g r e a t v a r i e t y of c o l o r and l i t h o l o g y ( S p e i k e r , 1 9 4 6 , o , 1 2 6 ) , 
At l o c a l i t i e s where t h i s h e t e r o g e n e o u s a s s e m b l a g e i s d i v i s i b l e 
i n t o d i s t i n c t u n i t s t h e t e r m I n d i a n o l a Group ( d i f f e r e n t i a t e d ) i s 
a n p l i e d , and where a r e f i n e d s t r a t i g r a p h i c b r e a k down o f v a r i o u s u n i t s 
i s n o t o o s s i b l e t h e t e rm I n d i a n o l a Group ( d i f f e r e n t i a t e d ) i s a n n l i e d , 
and where a r e f i n e d s t r a t i g r a o h i c b r e a k down o f v a r i o u s u n i t s i s n o t 
p o s s i b l e t h e t e rm I n d i a n o l a Group U n d i f f e r e n t i a t e d i s a p p l i e d ( S p e i k e r , 
1 9 4 6 , p . 1 2 6 ) , 
Thus "Marine s t r a t a of C o l o r a d o age e x p o s e d a t t h r e e l o c a l i t i e s on 
t h e w e s t e r n b o r d e r o f t h e Wasa tch P l a t e a u " n a m e l y , f S a l i n a Canyon, 
S i x m i l e Canyon, and Lake Fo rk e a s t of T h i s t l e " a r e d e s i g n a t e d a s 
' I n d i a n o l a group* b e c a u s e a t t h e above m e n t i o n e d l o c a l i t i e s t h e s t r a t a 
a r e e a s i l y s u b d i v i d e d . However , i n a r e a s where t h e o c c u r r e n c e s a r e 
p a t c h y and l i m i t e d , such d i v i s i o n i s n o t p o s s i b l e . The I n d i a n o l a 
d i s t r i c t , t h e a r e a be tween S a l i n a and G u n n i s o n , and t h e Gunnison 
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P l a t e a u f a l l w i t h i n such c a t e g o r y . I n t h e s e a r e a s t h e u n i t s , which 
a p p e a r d i v i s i b l e i n o t h e r l o c a l i t i e s , a r e i m p o s s i b l e t o d i f f e r e n t i a t e 
and t h u s t h e n o m e n c l a t u r e e s t a b l i s h e d f o r w e l l i d e n t i f i a b l e and 
d i v i s i b l e u n i t s c a n n o t b e e x t e n d e d and u s e d f o r o n - i d e n t i f i a b l e and 
i n d i v i s i b l e u n i t s . I n v i e w of t h e above m e n t i o n e d d i f f i c u l t i e s , 
S p e i k e r ( 1 9 4 6 , p , 1 2 7 ) , s u g g e s t e d . . . " t h a t t h e e n t i r e u n i t be c a l l e d 
t h e I n d i a n o l a g r o u p , s u b d i v i d e d i n t o f o r m a t i o n s where c o n s i s t e n t l y 
p o s s i b l e , u n d i f f e r e n t i a t e d where n o t " S p e i k e r ( 1 9 4 6 , p , 127 ) 
r e c o g n i z e d 4 d i s t i n c t u n i t s i n t h e a r e a s o u t h w e s t of M a n t i . Each 
U n i t i s named a f t e r t h e t y p e l o c a l i t y . 
U n i t 4 S i x m i l e Canyon f o r m a t i o n 
C o a r s e - g r a i n e d g r a y s a n d s t o n e , and c o n g l o m e r a t e s 
c o n t a i n i n g a c o a l - b e a r i n g member of f i n e r g r a i n . 
U n i t 3 Funk V a l l e y f o r m a t i o n 
c . S a n d s t o n e , w h i t e , g r e e n and b u f f t o brown 
700 f e e t . 
b . Gray m a r i n e s h a l e 650 f e e t . 
a . S a n d s t o n e and i n t e r b e d d e d t h e s h a l e . 900 f e e t . 
U n i t 2 A l l e n V a l l e y S h a l e 
M o s t l y g r a y m a r i n e s h a l e , e v e n l y b e d d e d . 
U n i t 1 S a n p e t e f o r m a t i o n 
S a n d s t o n e , b rown, o c h r e , b u f f and g r a y 
S h a l e , m o s t l y s a n d y . 
C o n g l o m e r a t e , g r a y . 
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D i s t r i b u t i o n 
A number of l o c a l i t i e s we re m e n t i o n e d u n d e r S p e i k e r ' s (1946) 
d i s c u s s i o n ' D e f i n i t i o n and N o m e n c l a t u r e ' where t h e I n d i a n o l a g r o u p i s 
f o u n d exposed* However, t h e r e a r e many o t h e r l o c a l i t i e s whe re 
o u t c r o p s b e l o n g i n g t o t h e I n d i a n o l a g r o u p a r e e x p o s e d . T h e s e o u t c r o p s 
a r e found e x p o s e d a l o n g t h e n o r t h e r n and s o u t h e r n s e c t i o n s o f t h e 
Gunnison P l a t e a u , The U n i t i s e x p o s e d on t h e w e s t e r n s i d e o f t h e 
Gunnison P l a t e a u and e x t e n d s from Nephi i n n o r t h t o Levan on t h e s o u t h , 
Schoff (193?)» r e p o r t e d a t h i c k s e c t i o n of t h e I n d i a n o l a g r o u p u n ­
d i f f e r e n t i a t e d from t h e Cedar H i l l s a r e a . 
I n t h e a r e a of i n v e s t i g a t i o n o n l y one d e f i n i t e o u t c r o p o f t h e 
I n d i a n o l a g r o u p u n d i f f e r e n t i a t e d i s e x p o s e d . The u n i t c r o p s o u t 
a l o n g t h e e a s t e r n m a r g i n of t h e Gunn i son P l a t e a u f r o n t . The n o r t h e r n 
and s o u t h e r n l i m i t s of t h i s e x p o s u r e a r e Axehand le Canyon and Rock 
Creek r e s p e c t i v e l y , ( s e e g e o l o g i c map) Nor th of Axehandle Canyon and 
a t t h e b a s e of t h e ' P o i n t of t h e M o u n t a i n ' , a t h i c k p a t c h of t h e 
I n d i a n o l a g r o u p ( ? ) u n d i f f e r e n t i a t e d i s a l s o e x p o s e d , 
L i t h o l o g y and T h i c k n e s s 
The u n i t exposed i n t h e a r e a of i n v e s t i g a t i o n c h a r a c t e r i s t i c a l l y 
c o n s i s t s o f g r a y t o w h i t e c o n g l o m e r a t e , s a n d s t o n e and o r a n g e r e d s h a l e . 
Thin b e d s of g r a y t o w h i t e q u a r t z i t e a l s o o c c u r a t v a r i o u s l e v e l s 
w i t h i n t h e main u n i t . A l l t h e above m e n t i o n e d l i t h o l o g i e s o c c u r 
i n t e r b e d d e d . When t r a c e d l a t e r a l l y o v e r l o n g e r d i s t a n c e s , t h e s e l a y e r s 
show a d i s t i n c t l a t e r a l v a r i a t i o n . See d e t a i l e d s t r a t i g r a p h i c s e c t i o n 
on page 3 4 . 
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The c o n g l o m e r a t e s a r e m a i n l y composed of b l a c k l i m e s t o n e p e b b l e s , 
m e a s u r i n g a b o u t 2 i n c h e s i n d i a m e t e r . These p e b b l e s a r e r o u n d e d t o 
s u b r o u n d e d , and a r e imbedded i n a c a l c a r e o u s s a n d y m a t r i x . 
Trie I n d i a n o l a ( ? ) Cong lomera t e n o r t h of Axehandle Canyon i s composed 
t h e c o l o r o f s h a l e l a y e r s i s a s o r t of r u s t y brown t h a n t h e u s u a l o r a n g e 
r e d c o l o r wh ich makes t h e I n d i a n o l a g r o u p u n d i f f e r e n t i a t e d a s t h e 
m o s t c o n s p i c u o u s f o r m a t i o n o f t h e a r e a . I n t h e w r i t e r s o p i n i o n t h i s 
e x p o s u r e seems t o be a c o n t i n u a t i o n of t h e P r i c e R i v e r f o r m a t i o n 
exposed f a r t h e r n o r t h i n Wales Canyon. 
The U n i t exposed i n t h e a r e a i s m a i n l y a c o n t i n e n t a l d e p o s i t , 
d e p o s i t e d u n d e r f l u v i a t i l e and f l o o d p l a i n e n v i r o n m e n t s . 
The m e a s u r e d t h i c k n e s s i s a b o u t 4 0 5 f e e t . See s t r a t i g r a p h i c s e c t i o n . 
However, t h i s t h i c k n e s s d o e s n o t g i v e a t r u e p i c t u r e of t h e t o t a l 
t h i c k n e s s of t h e u n i t a s t h e u n i t p a s s e s u n d e r t h e a l l u v i u m o r v a l l e y 
S e c t i o n of t h e I n d i a n o l a Group u n d i f f e r e n t i a t e d m e a s u r e d a t t h e 
b a s e of t h e e a s t e r n e x t e n s i o n of t h e Gunnison P l a t e a u i n t o S a n p e t e 
V a l l e y , b e t w e e n Rock Creek and Axehand le Canyon. 
of l a r g e p e b b l e s . The s i z e of t h e p e b b l e s i s a b o u t 8 i n c h e s and 
f i l l . 
Base Covered F e e t I n c h e s 
S h a l e , r e d , g r a n u l a r and sandy 60 
S a n d s t o n e , w h i t e , medium g r a i n e d , a n g u l a r 
t o s u b - a n g u l a r , l o o s e l y cemen ted t o f r i a b l e • « 20 
C o n g l o m e r a t e , r e d , m o s t l y b l a c k l i m e s t o n e p e b b l e s , 
v a r y i n g i n s i z e from -J- i n c h t o 6j i n c h e s 10 
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Base Covered F e e t I n c h e s 
S a n d s t o n e , w h i t e t o g r a y i s h - w h i t e , medium t o 
c o a r s e , a n g u l a r t o s u b - a n g u l a r , q u a r t z o s e • • 22 
C o n g l o m e r a t e , r e d , q u a r t z i t i c p e b b l e s m o s t l y 
p i n k and l i g h t c o l o r d o m i n a n t , p e b b l e s s u b -
r o u n d e d t o r o u n d e d , s a n d s t o n e l e u r e s a t 
v a r i o u s l e v e l s , c o a r s e g r a i n e d . . 52 
S a n d s t o n e , g r a y , v e r y f i n e g r a i n e d s u r f a c e 
m o t t l e d o „ • > • o o . . . . . . . . . . . . . 2 6 
S h a l e , o r a n g e r e d , h a r d and d e n s e . . . . . . . . 52 
S a n d s t o n e , r e d , f i n e g r a i n e d , medium g r a i n e d , 
e q u i g r a n u l a r , m o s t l y a n g u l a r , compac t and 
w e l l cemen ted 1 6 
S h a l e , o r a n g e r e d . . . . . . . . 74 6 
C o n g l o m e r a t e , r e d , m o s t l y composed of b l a c k 
l i m e s t o n e and l i g h t - c o l o r e d q u a r t z i t e p e b b l e s , 
p e b b l e s v a r y i n d i a m e t e r from \ t o 2 i n c h e s . 
P i n c h e s o u t l a t e r a l l y , m a s s i v e and l e n t i c u l a r 110 
T o t a l t h i c k n e s s 405 
R e l a t i o n t o A d j a c e n t F o r m a t i o n s 
I n t h e a r e a of i n v e s t i g a t i o n t h e I n d i a n o l a g roup u n d i f f e r e n t i a t e d 
u n c o n f o r m a b l y o v e r l i e s t h e T w i s t Gulch f o r m a t i o n . 
I n a r e a s o t h e r t h a n E a s t e r n f r o n t of t h e Gunnison P l a t e a u , t h e 
I n d i a n o l a g roup u n d i f f e r e n t i a t e d i s s u c c e e d e d by t h e n e x t younge r 
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Figure 4. Gunn i son F r o n t a t W a l e s , North to Axehandle Canyon 
(Figure af ter Speiker, 1949) 
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Figure 5. Sect ion Across Eas te rn Front of t h e Gunnison Pla teau 
S o u t h to Axehand le Canyon. 
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f o r m a t i o n , t h e P r i c e R i v e r . However , a t none of t h e l o c a l i t y on 
t h e e a s t e r n f r o n t of t h e Gunnison P l a t e a u , t h e P r i c e R i v e r f o r m a t i o n 
and t h e I n d i a n o l a grout) o c c u r t o g e t h e r . 
On t h e e a s t e r n f r o n t of t h e Gunnison P l a t e a u , t h e N or th Horn 
f o r m a t i o n o v e r l i e s t h e I n d i a n o l a , and t h e c o n t a c t b e t w e e n t h e two i s 
d e f i n i t e l y u n c o n f o r m a b l e a s t h e d e p o s i t i o n of t h e Nor th Horn f o r m a t i o n 
p r e c e e d e d l a t e C o l o r a d o and t h e E a r l y La ramide o r o g e n i e s . Though 
i t i s d i f f i c u l t t o d e t e r m i n e t h e e x a c t r e l a t i o n s h i p of t h e two f o r m a ­
t i o n s w i t h one a n o t h e r i t i s e v i d e n t from t h e s t u d y of t h e o t h e r 
s t r a t i g r a p h i c s e c t i o n s i n v o l v i n g t h e I n d i a n o l a and t h e Nor th Horn 
f o r m a t i o n s t h a t t h e c o n t a c t i s u n c o n f o r m a b l e , t h e two f o r m a t i o n s 
b e i n g s e p a r a t e d b y an a n g u l a r u n c o n f o r m i t y . L i k e w i s e t h e l o w e r 
c o n t a c t of t h e I n d i a n o l a g rouo u n d i f f e r e n t i a t e d w i t h t h e T w i s t Gulch 
f o r m a t i o n i s n o n - c o n f o r m a b l e . The d e p o s i t i o n of t h e T w i s t Gulch 
f o r m a t i o n was f o l l o w e d b y a p e r i o d o f n o n - d e p o s i t i o n and c o n s e q u e n t l y 
t h e M o r r i s o n f o r m a t i o n i s m i s s i n g from t h e a r e a . I t was t h e e r o s i o n a l 
s u r f a c e of t h e T w i s t Gulch f o r m a t i o n o v e r which t h e I n d i a n o l a g roup 
u n d i f f e r e n t i a t e d was d e p o s i t e d . T h e r e f o r e i t i s e v i d e n t t h a t t h e 
lower c o n t a c t of t h e I n d i a n o l a g r o u p u n d i f f e r e n t i a t e d w i t h t h e 
Twis t Gulch f o r m a t i o n i s u n c o n f o r m a b l e . 
At W a l e s , on t h e e a s t e r n f r o n t of t h e Gunnison P l a t e a u , a com­
p l e t e s e c t i o n of t h e I n d i a n o l a g r o u p u n d i f f e r e n t i a t e d i s e x p o s e d . 
The I n d i a n o l a and Nor th Horn a r e s e p a r a t e d b y t h e i n t e r v e n i n g M o r r i s o n 
and t h e P r i c e R i v e r f o r m a t i o n s . However , f a r t h e r s o u t h , t h e s e c t i o n i s 
n o t c o m p l e t e , and t h e P r i c e R i v e r f o r m a t i o n i s c o m p l e t e l y m i s s i n g and 
t h e I n d i a n o l a i s o v e r l a i n by t h e Nor th Horn f o r m a t i o n ( f i g . 5)» 
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The n o m e n c l a t u r e , u s e d i n t h e f i g u r e 5 i s changed b e c a u s e of r e v i s i o n 
of t h e p r e - e x i s t i n g one b y S p e i k e r and Hardy ( 1 9 4 9 ) . 
F i g u r e 4 , shows t h e g e n e r a l r e l a t i o n s h i p of t h e I n d i a n o l a w i t h t h e 
o v e r l y i n g f o r m a t i o n s and a c o m p a r i s o n b e t w e e n t h e two s t r a t i g r a o h i c 
s e c t i o n e x p o s e d n o r t h and s o u t h of Axehandle Canyon, 
The p a t c h y o c c u r r e n c e of t h e I n d i a n o l a g r o u p i s i n no way t h e 
o r i g i n a l mode of i t s o c c u r r e n c e . When i t s f u l v i a t i l e and f l o o d 
p l a i n e n v i r o n m e n t s of d e p o s i t i o n a r e c o n s i d e r e d , i t i s v e r y much a p ­
p a r e n t t h a t t h e s e d i m e n t s c o m p r i s i n g t h i s f o r m a t i o n were c a s t e a s t ­
ward a s a t h i n b l a n k e t o v e r a w ide a r e a . These d e p o s i t s we re s u b ­
s e q u e n t l y s u b j e c t e d t o o r o g e n i c movements ( L a r a m i d e ) t o be f o l l o w e d 
by e x t e n s i v e and r a p i d e r o s i o n . The s c a t t e r e d and d i s c o n t i n u o u s o u t ­
c r o p s of t h e I n d i a n o l a g r o u p u n d i f f e r e n t i a t e d c o u p l e d w i t h s e v e r e 
f o l d i n g c a u s e d by t h e E a r l y Laramide o r o g e n y s u p p o r t e v i d e n c e f o r 
an e x t e n s i v e and r a p i d e r o s i o n of t h e u n i t . The p r e s e n t p a t c h y 
o c c u r r e n c e s r e p r e s e n t t h e l e f t - o v e r p o c k e t s of t h e I n d i a n o l a on t h e 
p o s t E a r l y Laramide o r o g e n i c s u r f a c e (Hunt , 1 9 4 8 ) . 
Age and C o r r e l a t i o n 
Because of i t s u n d i f f e r e n t i a b l e n a t u r e , i t i s d i f f i c u l t t o e x t e n d 
any c o r r e l a t i o n of t h e I n d i a n o l a f o r m a t i o n s from d i f f e r e n t i a b l e 
l o c a l i t i e s t o t h e e a s t e r n f r o n t of t h e Gunnison P l a t e a u and h e n c e t h e 
a r e a of i n v e s t i g a t i o n . However , S p e i k e r (1946 , p . 1 2 6 - 1 3 0 ) s u g g e s t e d 
a C o l o r a d o a n Age f o r t h e s e s e d i m e n t a r y r o c k s . See Tab le 2 ( i n p o c k e t ) . 
S o u t h w e s t of M a n t i , where t h e I n d i a n o l a g roup i s d i f f e r e n t i a t e d 
i n t o 4 f o r m a t i o n s , S p e i k e r ( 1 9 4 6 , p . 1 2 7 - 1 2 8 ) , a s s i g n e d t h e f o l l o w i n g 
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a g e s t o each of t h e r e c o g n i z a b l e and d i f f e r e n t i a b l e f o r m a t i o n s . 
U n i t s Age 
S i x m i l e Canyon f o r m a t i o n -
- - - Upper C o l o r a d o a n 
Funk V a l l e y f o r m a t i o n - - - / 
A l l e n V a l l e y S h a l e - - - - - - - Middle Co lo radoan 
S a n p e t e f o r m a t i o n - - - - - - - E a r l y Co lo radoan 
     i  ti able forma tions . 
 
i    -\ 
, - - O er Colorado  
Funk Valley formation - - -
Allen Valley Shale - - - - Middle Coloradoan 
Sanpete formation - - - - Earl y Coloradoan 
• 
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PRICE RIVER FORMATION 
D e f i n i t i o n and Type L o c a l i t y 
S p e i k e r and R e e s i d e ( 1 9 2 5 , p . 4 4 5 ) , a p p l i e d t h e name P r i c e R i v e r 
f o r m a t i o n t o a s u c c e s s i o n of s a n d s t o n e s , g r i t , c o n g l o m e r a t e s , and 
s u b o r d i n a t e q u a n t i t i e s of s h a l e o c c u r i n g be tween t h e B l a c k Hawk and N or th 
Horn f o r m a t i o n s " i n t h e canyon of P r i c e R i v e r above C a s t l e g a t e , Utah** 
( S p e i k e r and R e e s i d e , 1 9 2 5 , P . 4 4 5 ) . The P r i c e R i v e r f o r m a t i o n a t t h e 
t y p e l o c a l i t y i s d i v i s i b l e i n t o two d i s t i n c t members, a m a s s i v e b a s a l 
member o r i g i n a l l y d e f i n e d b y C l a r k ( 1 9 2 8 , p . 2 0 ) a s C a s t l e g a t e , p r o m i ­
n e n t a s c l i f f f o r m e r , and an unnamed u p p e r member which fo rms s l o p e s 
r a t h e r t h a n c l i f f s ( S p e i k e r and R e e s i d e , 1 9 2 5 , p . 4 4 5 ) , 
"The C a s t l e g a t e s a n d s t o n e member i s s e p a r a t e d from t h e Upper member 
s o l e l y b e c a u s e of i t s c l i f f f o r m i n g . . . " a t t i t u d e , "which g i v e s i t g r e a t 
r e g i o n a l p r o m i n e n c e . . . " ( S p e i k e r , 1 9 4 6 , p . 1 3 0 ) , o t h e r w i s e b o t h t h e 
members show marked s i m i l a r i t i e s t o one a n o t h e r ( S p e i k e r , 1 9 4 6 , p . 1 3 0 ) . 
The t h i c k n e s s of t h e P r i c e R i v e r f o r m a t i o n a t t h e t y p e l o c a l i t y i s 
a p p r o x i m a t e l y b e t w e e n 900 and 1000 f e e t ( G i l l i l a n d , 1 9 5 1 , P . 1 ? ) . The 
f o r m a t i o n shows a t e x t u r a l g r a d i e n t i f t r a c e d from w e s t t o e a s t . The 
w e s t e r n e x p o s u r e s of t h e P r i c e R i v e r f o r m a t i o n s a r e c h a r a c t e r i z e d b y 
c o a r s e e l a s t i c s ? w h e r e a s t h e e a s t e r n e x p o s u r e s a r e much f i n e r . 
D i s t r i b u t i o n : 
The P r i c e R i v e r f o r m a t i o n i s e x p o s e d a t v a r i o u s l o c a l i t i e s t h r o u g h 
o u t t h e Wasatch P l a t e a u and i n t h e a r e a s b o t h on t h e e a s t and t h e w e s t 
of t h e Wasatch P l a t e a u . O u t s i d e c e n t r a l U t a h , t h e mos t n o t a b l e 
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e x p o s u r e o c c u r s i n t h e Book C l i f f s , and t h e e x t e n s i o n o f t h e C a s t l e g a t e 
s a n d s t o n e member i s r e c o g n i z a b l e a s f a r e a s t a s t h e U t a h - C o l o r a d o 
b o u n d a r y , 
G i l l i l a n d (1951» V° 17 ) r e p o r t e d t h e o c c u r r e n c e of t h e P r i c e R i v e r 
f o r m a t i o n a t t h e s o u t h e x t r e m i t y of t h e Gunnison P l a t e a u , i n Long R i d g e , 
w e s t of N e p h i , U t a h , and a t t h e n o r t h e r n e x g r e m i t y of t h e P a v a n t P l a t e a u , 
The P r i c e R i v e r f o r m a t i o n i s exposed a l o n g t h e w e s t and n o r t h ­
w e s t e r n f r o n t of t h e Gunnison P l a t e a u , South of Mount Nebo, t h e P r i c e 
R i v e r f o r m a t i o n i s s e e n fo rming h i g h and v e r y s t e e p c l i f f s of t h e n o r t h ­
e r n end of t h e Gunnison P l a t e a u , 
I n t h e a r e a o f i n v e s t i g a t i o n , t h e P r i c e R i v e r f o r m a t i o n o c c u r s 
i n v e r y l i m i t e d e x p o s u r e s b e t w e e n Dry Canyon and Maple Canyon, 
L i t h o l o g y and T h i c k n e s s 
The P r i c e R i v e r f o r m a t i o n e x p o s e d i n t h e a r e a of i n v e s t i g a t i o n 
l a c k s any C a s t l e g a t e member c h a r a c t e r i s t i c s . Here t h e f o r m a t i o n i s 
m a i n l y composed of m a s s i v e c o n g l o m e r a t e w i t h some l e n t i c u l a r b e d s of 
s a n d s t o n e , which measu re 8 - 1 2 i n c h e s i n t h i c k n e s s . 
The c o n g l o m e r a t e i s composed of p i n k and w h i t e q u a r t z i t e c o b b l e s , 
which a r e r o u n d e d t o s u b - r o u n d e d and measu re a b o u t 8 i n c h e s i n d i a m e t e r . 
Some of t h e c o b b l e s m e a s u r e more t h a n 8 i n c h e s and a t t a i n a d i a m e t e r 
a s much a s 12 i n c h e s , t h u s g r a d i n g i n t o t h e c a t e g o r y of b o u l d e r s 
a c c o r d i n g t o t h e W e s n t w o r t h ' s P a r t i c l e S i z e C l a s s i f i c a t i o n S c a l e , 
The c o b b l e s and b o u l d e r s a r e embedded i n an a r g i l l a c e o u s and 
c o u r s e s andy m a t r i x . The m a t r i x a t p l a c e s t e n d s t o become p u r e l y 
sandy and v e r y c o a r s e . 
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The P r i c e R i v e r f o r m a t i o n which i s r u s t y r e d i n c o l o r w e a t h e r s 
t o v a r i o u s s h a d e s of brown c o l o r . The e x p o s u r e of t h e P r i c e R i v e r 
f o r m a t i o n s o u t h of Dry Canyon a l t h o u g h a c o n g l o m e r a t e a p p e a r s from 
d i s t a n c e a s a s t e e p c l i f f of s a n d s t o n e 9 h o w e v e r 9 a c l o s e e x a m i n a t i o n 
r e v e a l s t h e t r u e n a t u r e of e x p o s u r e (Hunt , 1 9 4 9 ) . 
From t h e h e t e r o g e n e o u s l i t h o l o g y , ex t r eme v a r i a t i o n s i n p a r t i c l e 
s i z e , and t h e shape of u n i t , i t i s v e r y much e v i d e n t t h a t t h e P r i c e 
R i v e r f o r m a t i o n , exposed i n t h e a r e a of i n v e s t i g a t i o n , i s a f a n g l o m e r -
a t e d e p o s i t . 
I n t h e a r e a of i n v e s t i g a t i o n t h e t h i c k n e s s of t h e P r i c e R i v e r 
f o r m a t i o n v a r i e s from n i l t o 550 f e e t . The measu red t h i c k n e s s of t h e 
u n i t i n t h e a r e a i s 550 f e e t . 
S e c t i o n of t h e P r i c e R i v e r f o r m a t i o n measured s o u t h of Dry Canyon. 
T w i s t Gulch f o r m a t i o n 
C o n g l o m e r a t e , q u a r t z i t e p e b b l e s and c o b b l e s r a n g i n g i n 
s i z e from 3 i n c h e s t o 6 i n c h e s , d a r k l i m e s t o n e p e b b l e s 
i n t h e l o w e r p a r t , w e a t h e r s t o r u s t y brown, l e n s e s 
of w e l l cemented s a n d s t o n e a t v a r i o u s s t r a t i g r a p h i c 
l e v e l s , p a r t i c u l a r l y n e a r t h e t o p 320 f t . 
Cong lomera te i n t e r b e d d e d w i t h s a n d s t o n e , l i g h t brown t o 
r e d d i s h b rown , medium t o c o a r s e g r a i n e d , w e a t h e r s 
t o r u s t y brown . . , 28 f t . 
C o n g l o m e r a t e , p e b b l e s and c o b b l e s v a r y i n g i n s i z e 
be tween 5 i n c h e s t o a l m o s t one f o o t , w h i t e , 
r e d , p u r p l e bended Q u a r t z i t e s , g r a y , g r a y i s h 
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brown, and r e d s a n d s t o n e , d a r k g r a y and b l a c k 
d e n s e l i m e s t o n e p e b b l e s i n s u b o r d i n a t e 
q u a n t i t y . S a n d s t o n e l e n s e s o c c u r a t v a r i o u s 
s t r a t i g r a p h i c l e v e l s © o" o"©*©' ©"Y ©*Y Y Y " V © Y • '© 202 f t * 
T o t a l t h i c k n e s s 550 f t . 
R e l a t i o n t o A d j a c e n t F o r m a t i o n s 
I n t h e t y p e a r e a , t h e P r i c e R i v e r f o r m a t i o n o c c u r s "be tween t h e 
Blackhawk f o r m a t i o n and t h e fo rmer l o w e r member of t h e Wasa tch 
f o r m a t i o n , now t h e Nor th Horn f o r m a t i o n " ( S p e i k e r , 1 9 4 6 , p . 1 3 0 ) . 
I n t h e a r e a of t h i s r e p o r t , t h e P r i c e R i v e r f o r m a t i o n u n c o n f o r m a b l y 
o v e r l i e s t h e T w i s t Gulch f o r m a t i o n and c o n f o r m a b l y u n d e r l i e s t h e Nor th 
Horn f o r m a t i o n . 
From i n f o r m a t i o n s a c c u m u l a t e d , i t i s v e r y much e v i d e n t t h a t t h e r e 
i s a r e g i o n a l u n c o n f o r m i t y b e t w e e n t h e P r i c e R i v e r f o r m a t i o n and t h e 
o l d e r f o r m a t i o n s r a n g i n g i n age from P r e c a m b r i a n t o C o l o r a d o a n ( G i l l i l a n d , 
1951$ Po 1 8 ) . The f o l l o w i n g e v i d e n c e s s u p p o r t t h e p r e s e n c e of a r e g i o n a l 
a n g u l a r u n c o n f o r m i t y be tween t h e o l d e r f o r m a t i o n s and t h e P r i c e R i v e r 
f o r m a t i o n , A b e l t of t h e P r i c e R i v e r c o n g l o m e r a t e i s exposed n e a r 
t h e s o u t h e r n end of t h e Gunnison P l a t e a u . T h i s b e l t b e l o n g s t o a n e a r 
s o u r c e o r o g e n i c f a c i e s of t h e P r i c e R i v e r , and i s d i s t r i b u t e d " i n a 
n o r t h - s o u t h b e l t e x t e n d i n g a t l e a s t from t h e P a v a n t P l a t e a u t o t h e 
s o u t h e r n Wasatch M o u n t a i n s , T h i s b e l t i s bound on t h e w e s t b y f o l d e d 
r o c k s of t h e s o u r c e a r e a . Th roughou t t h i s b e l t , t h e c o n g l o m e r a t e of 
t h e P r i c e R i v e r u n c o n f o r m a b l y o v e r l i e s o l d e r . . . r o c k s " ( G i l l i l a n d , 
1 9 5 1 , p . 1 8 ) . 
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I n t h e a r e a o f i n v e s t i g a t i o n , t h e r o c k s b e l o n g i n g t o t h e I n d i a n o l a 
g r o u p u n d i f f e r e n t i a t e d a r e n o t found i n c o n t a c t w i t h t h e o v e r l y i n g 
P r i c e R i v e r f o r m a t i o n . T h i s f a c t s u p p o r t s t h e t h e s i s t h a t t h e P r i c e 
R i v e r f o r m a t i o n was d e p o s i t e d on an o l d e r o s i o n a l s u r f a c e . 
Age and C o r r e l a t i o n 
No p r e c i s e c o r r e l a t i o n and age d e t e r m i n a t i o n of t h e P r i c e R i v e r 
f o r m a t i o n h a s so f a r b e e n a t t e m p t e d i n t h e r e g i o n s w e s t o f Wasatch 
M o u n t a i n s , 
The P r i c e R i v e r f o r m a t i o n e x p o s e d i n t h e a r e a of t h i s r e p o r t h a s 
no y i e l d e d any f o s s i l s . However , " t h e age of t h e P r i c e R i v e r f o r m a ­
t i o n i s shown b y i n v e r t e b r a t e f o s s i l s a t t h e t y p e l o c a l i t y t o b e l a t e 
Montana , E l s e w h e r e t o t h e w e s t , h o w e v e r , t h e c o a r s e s e d i m e n t s of t h e 
f o r m a t i o n a p p e a r s t o c o n t a i n no f o s s i l s , and a s i t i s t r a c e d w e s t w a r d , 
t h r o u g h t h e Gunnison P l a t e a u and b e y o n d , t h e q u e s t i o n of age i s 
becoming b o t h e r s o m e " ( S p e i k e r , 1 9 4 9 , p . 2 5 ) , 
Th,..s i t i s e v i d e n t t h a t t h e age d e t e r m i n a t i o n and c o r r e l a t i o n o f 
t h e P r i c e R i v e r f o r m a t i o n i n t h e w e s t e r n r e g i o n s of Utah i n g e n e r a l and 
t h e Gunnison P l a t e a u i n p a r t i c u l a r i s s t i l l i n a s t a t e of f l u x 0 
However , S p e i k e r ( 1 9 4 9 , p , 2 5 ) , h a s s u g g e s t e d t h a t t h e f o r m a t i o n 
grows y o u n g e r a s i t i s t r a c e d t oward t h e w e s t , i t i s l i k e l y t h a t t h e 
P r i c e R i v e r f o r m a t i o n e x p o s e d i n t h e a r e a of i n v e s t i g a t i o n r e p r e s e n t s 
a v e r y l a t e Montana a g e . T h i s c o n c l u s i o n i s s u g g e s t e d b y t h e f a c t t h a t 
t h e C a s t l e g a t e S a n d s t o n e member i s m i s s i n g f iom t h e a r e a , and t h e 
u p p e r b e d s of t h e P r i c e R i v e r f o r m a t i o n i n t e r t o n g u e w i t h t h e o v e r l y i n g 
Nor th Horn f o r m a t i o n and f i n a l l y a p p e a r t o g r a d e and merge i n t o i t . 
To t h e s o u t h of t h e a r e a t h e b o u n d a r y h a s n o t b e e n d e t e r m i n e d . 
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I n my o p i n i o n an age be tween M a e s t r i c h t i a n ( u p p e r m o s t s t a g e of 
Montana) and Danian can be a s s i g n e d u n t i l some d e f i n i t e c o n c l u s i o n i s 
r e a c h e d . See T a b l e 2 ( i n p o c k e t ) . T h i s seems t o b e v a l i d when t h e 
i n t e r t o n g u i n g and i n t e r g r a d a t i o n s b e t w e e n t h e P r i c e R i v e r f o r m a t i o n 
and t h e Nor th Horn f o r m a t i o n s a r e t a k e n i n t o c o n s i d e r a t i o n . 
45 
    t t      
Ont      i   i s
         t
i   8 t      for ti
       consideration •
• 
CRETACEOUS AND TERTIARY SYSTEMS 
NORTH HORN FORMATION 
D e f i n i t i o n and Type L o c a l i t y 
I n t h e Wasatch P l a t e a u , e a s t of t h e a r e a of i n v e s t i g a t i o n , 
S p e i k e r and R e e s i d e (1925* P« 4 4 8 ) , r e c o g n i z e d a f o r m a t i o n above t h e 
P r i c e R i v e r f o r m a t i o n which was d i v i s i b l e i n t o t h r e e d i s t i n c t u n i t s , 
which t h e y named a s t h e Wasatch f o r m a t i o n . 
The t h r e e d i s t i n c t u n i t s c o m p r i s i n g t h i s f o r m a t i o n , a r e from 
b o t t o m t o t o p : 
3 . "An u p p e r member of v a r i c o l o r e d s h a l e and s a n d s t o n e " 
2 . "A midd l e member of f r e s h w a t e r l i m e s t o n e " d e f i n e d 
a s t h e F l a g s t a f f l i m e s t o n e member. 
1 . "A l o w e r member of s a n d s t o n e , v a r i c o l o r e d s h a l e , 
c o n g l o m e r a t e , and s m a l l amounts of f r e s h w a t e r 
l i m e s t o n e . " 
With t h e e x c e p t i o n of t h e b a s a l c o n g l o m e r a t e , now t h e P r i c e R i v e r 
f o r m a t i o n , t h e u n i t number 1 ( l o w e s t member) h a s b e e n r e -named t h e 
Nor th Horn f o r m a t i o n ( S p e i k e r , 1 9 4 6 , p . 1 3 2 - 1 3 3 ) , The Nor th Horn 
f o r m a t i o n i s d i v i s i b l e i n t o 4 d i s t i n c t u n i t s i n t h e t y p e l o c a l i t y , 
t h e Nor th Horn M o u n t a i n s (T 5 , 1 8 ; and 19 S , , R* 6 E , , S a l t Lake 
M e r i d i a n ) , e a s t of t h e Wasatch P l a t e a u , 
The f o u r u n i t s a s d i s t i n g u i s h e d b y S p e i k e r ( 1 9 4 6 ) , i n t h e t y p e 
l o c a l i t y a r e from o l d e s t t o y o u n g e s t : 
" U n i t 1 , S h a l e , r e d , and v a r i e g a t e d i n u p p e r p a r t , g r a y i n l o w e r 
p a r t , w i t h i n t e r b e d d e d b u f f and g r a y s a n d s t o n e , and 
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some l i m e s t o n e , t h e b e d d i n g v e r y even and i n d i v i d u a l 
l a y e r s t h i n , l a c u s t r i n e i n o r i g i n ; fo rms s t e e p s l o p e s 
and c u t b a n k s b e n e a t h l i m e s t o n e c l i f f s o r f l a g s t a f f , , » 250 f t . 
U n i t 2 S h a l e 9 g r a y t o v a r i e g a t e d , w i t h t h i n b e d s of fubb 
s a n d s t o n e , i n g e n e r a l i r r e g u l a r l y b e d d e d ; f l o o d p l a n e 
d e p o s i t s ? forms g e n t l e s l o p e s . . . • « . « » » . , , . « « . . . . « . « « « 300 f t . 
U n i t 3 S h a l e , g r a y t o b l a c k , s a n d s t o n e , b u f f t o l i g h t c ream 
and g r a y , c h i e f l y f i n e ; some l i m e s t o n e , i n v e r y e v e n l y 
bedded s u c c e s s i o n , l a y e r s g e n e r a l l y n o t o v e r 5 f e e t 
t h i c k ; m a i n l y l a c u s t r i n e ; g e n e r a l l y capped by r e s i s t a n t 
s a n d s t o n e and f o r m i n g s h o u l d e r o r t e r r a c e w i t h s t e e p 
f r O n t S lope « « . « . . . . . . . . . . • • • « , , , , • , • » , « . « « « , o , « , o , « » . 250 f t . 
U n i t 4 S h a l e , g r a y i n l o w e r p a r t , v a r i e g a t e d i n u p p e r ; s a n d ­
s t o n e , b u f f t o g r a y , m a i n l y medium t o f i n e b u t w i t h 
c o n g l o m e r a t e i n p l a c e s . Minor amounts of l i m e s t o n e ; 
d o m i n a n t l y f l o o d p l a i n i n o r i g i n ; fo rms g e n t l e r 
s l o p e s b e t w e e n U n i t 3 and P r i c e R i v e r f o r m a t i o n , , , , , , 850 f t , " 
1 ,650 f t . 
"The N o r t h Horn f o r m a t i o n i n t h i s p a r t of t h e p l a t e a u t h u s r e p ­
r e s e n t s an a l t e r n a t i o n b e t w e e n f l u v i a t i l e and l a c u s t r i n e c o n d i t i o n s " 
( S p e i k e r , 1 9 4 6 , p . 1 3 3 ) . 
Di s t r i b u t i o n 
The Nor th Horn f o r m a t i o n i s e x p o s e d t h r o u g h o u t c e n t r a l U t a h . The 
N o r t h Horn f o r m a t i o n e x p o s u r e s a r e a l s o r e p o r t e d from w e s t e r n Book C l i f f s , 
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n o r t h of T h i s t l e ( B a k e r , 1 9 2 9 ) , and S a l i n a d i s t r i c t ( S p e i k e r and B a k e r , 
1 9 2 9 , p* 1 4 3 - 1 4 5 ) G i l l i l a n d ( 1 9 5 1 , p . 2 0 ) h a s r e p o r t e d t h e N or t h Horn 
f o r m a t i o n e x p o s u r e s i n Long R i d g e , t h e P a v a n t P l a t e a u , t h e V a l l e y 
Mountains , , and i n t h e Gunnison Q u a d r a n g l e . 
The Nor th Horn f o r m a t i o n i s e x p o s e d e x t e n s i v e l y a l o n g b o t h t h e 
f r o n t s of t h e Gunnison P l a t e a u t h u s f o r m i n g mos t of t h e e x p o s e d 
s e c t i o n s of t h e p l a t e a u b o t h a l o n g t h e w e s t e r n and e a s t e r n f r o n t s . I n 
t h e i n t e r i o r p a r t s of t h e p l a t e a u , t h e Nor th Horn f o r m a t i o n i s found 
exposed n e a r t h e b a s e of v a r i o u s c a n y o n s and t h e i r s m a l l e r t r i b u t a r i e s . 
I n t h e a r e a of i n v e s t i g a t i o n , t h e mos t e x t e n s i v e and c o m p l e t e 
e x p o s u r e i s f ound on e i t h e r s i d e of t h e mouth of Axehandle Canyon. 
F u r t h e r n o r t h , a d d i t i o n a l b a s a l s t r a t a of t h e Nor th Horn f o r m a t i o n add 
t o t h e t o t a l t h i c k n e s s . The whole e x p o s u r e "makes t h e body of t h e 
b u l k y p r o m o n t o r y known a s t h e ' P o i n t of t h e M o u n t a i n ' ( S p e i k e r , 1 9 4 9 , 
Po 2 9 ) . 
L i t h o l o g y and T h i c k n e s s 
Of a l l t h e f o r m a t i o n s e x p o s e d i n t h e a r e a of i n v e s t i g a t i o n , t h e 
Nor th Horn f o r m a t i o n i s t h e mos t d i v e r s e . Here i t i s composed of a 
v a r i e t y of c o n t i n e n t a l d e p o s i t s . These d e p o s i t s r a n g e from v e r y c o a r s e 
c l a s t i c r o c k s t o l a c u s t r i n e l i m e s t o n e s (Hun t , 1 9 ^ 8 , p . 3&) . However , 
t h e c o a r s e c l a s t i c s e d i m e n t s a r e t h e d o m i n a n t c o n s t i t u e n t s of t h e N or th 
Horn f o r m a t i o n , p a r t i c u l a r l y i n t h e n o r t h e r n p a r t of t h e a r e a of 
i n v e s t i g a t i o n . 
The Nor th Horn f o r m a t i o n shows r a p i d v a r i a t i o n s i n l i t h o l o g y , 
b o t h v e r i t c a l l y and l a t e r a l l y . I h e b e d s wh ich a r e e x p o s e d t o t h e n o r t h 
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of Rock Creek a r e c o n s i d e r a b l y d i f f e r e n t from t h o s e e x p o s e d t o t h e 
s o u t h of Dry Canyon, b o t h i n l i t h o l o g y and t h i c k n e s s . 
Between t h e s e two o c c u r r e n c e s i s a n o t h e r e x p o s u r e o f t h e N or th 
Horn f o r m a t i o n , which a p p e a r s t o be t r a n s i t i o n a l b e t w e e n n o r t h e r n and 
s o u t h e r n e x p o s u r e s . T h i s e x p o s u r e of t h e Nor th Horn f o r m a t i o n i s c h a r a c t ­
e r i z e d b y t h e o c c u r r e n c e of m e t a l s and c a r b o n a c e o u s o r c o a l y m a t e r i a l s . 
I t i s n o t e w o r t h y t h a t e x p o s u r e s of t h e Nor th Horn f o r m a t i o n b o t h n o r t h 
and s o u t h of t h e a r e a l a c k t h e s e m e t a l s and c o a l y m a t e r i a l s e x c e p t i n 
Coal Canyon where t h e Nor th Horn f o r m a t i o n i s c o a l b e a r i n g , A 
d e t a i l e d d i s c u s s i o n c o n c e r n i n g t h e o c c u r r e n c e of t h e s e m e t a l s w i l l 
be t a k e n u p i n t h e l a t e r p a r t of t h i s r e p o r t . 
I n t h e a r e a o f t h i s r e p o r t t h e Nor th Horn f o r m a t i o n can be c o n v e n ­
i e n t l y d i v i d e d i n t o two u n i t s , ( l ) c o a r s e c l a s t i c s e d i m e n t a r y r o c k s , 
and (2 ) f i n e c l a s t i c s e d i m e n t a r y r o c k s , 
" I n t h e a r e a t o t h e n o r t h of Rock C r e e k , t h e d e v e l o p m e n t o f " . , . 
U n i t 1 " i s v e r y g r e a t " (Hunt , 1 9 4 8 , p , 3&) . Here one c a n o b s e r v e t h e 
ex t r eme d i v e r s i t i e s and t h e i r o c c u r r e n c e s so c h a r a c t e r i s t i c a l l y d i s ­
p l a y e d b y t h e Nor th Horn f o r m a t i o n . The d e p o s i t s i n t h i s p a r t a r e 
d o m i n a n t l y c o a r s e c l a s t i c s e d i m e n t a r y r o c k s , a s i s e v i d e n t from t h e 
f o l l o w i n g s e c t i o n which was measu red a t t h e mouth of Axehand le Canyon 
h y Hun t (1948) and l a t e r i n 1966 b y t h e p r e s e n t w r i t e r . The t h i c k n e s s 
f i g u r e s d i f f e r s l i g h t l y f rom t h o s e r e p o r t e d by Hunt ( 1 9 4 8 , p . J6), 
F l a g s t a f f L imes tone 
Nor th Horn f o r m a t i o n ; 
U n i t 1 . a . Mass ive t o t h i c k b e d s of c r o s s - b e d d e d 
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c o n g l o m e r a t e , o c c a s i o n a l l y c o n t a i n i n g 
l e n s e s o f c o a r s e - g r a i n e d s a n d s t o n e . . . . . . . . 496 f t . 
b . Thick a l t e r n a t i n g b e d s of s a n d s t o n e and 
a l g a l l i m e s t o n e . Cong lomera te m o s t l y 
o c c u r r i n g a s l e n s e s a t t h e b a s e of 
medium t o c o a r s e - g r a i n e d s a n d s t o n e 1202 f t . 
The s a n d s t o n e b e d s e x p o s e d i n t h i s s e c t i o n a r e l o o s e l y cemented t o 
f r i a b l e . The c o l o r v a r i e s from t a n brown t o g r a y . They a r e m a i n l y 
composed of s u b - r o u n d e d t o n e a r l y r o u n d e d , medium t o c o a r s e s i z e d 
g r a i n s (Hunt , 1 9 4 8 , p . 3&) . The c o n g l o m e r a t e s , wh ich a r e e x p o s e d a t 
t h e b a s e of t h e s e c t i o n and fo rms s t e e p c l i f f s on e i t h e r s i d e of t h e 
mouth of Axehand le Canyon, a r e e x t r e m e l y t h i c k b e d d e d t o m a s s i v e and 
d i s p l a y p e r f e c t c r o s s - b e d d i n g . The c o n s t i t u e n t p e b b l e s a r e e i t h e r 
d a r k c o l o r e d l i m e s t o n e o r l i g h t c o l o r e d q u a r t z i t e , embedded i n a 
m a t r i x of medium t o c o a r s e q u a r t z o s e s a n d . The o e b b l e s show v a r i o u s 
d e g r e e s of r o u n d n e s s , m o s t l y f a c e t e d o r s u b - r o u n d e d p e b b l e s occuro Both 
t h e c o n g l o m e r a t e s and s a n d s t o n e s of t h i s s e c t i o n w e a t h e r t o v a r i o u s 
s h a d e s o f brown and g r a y c o l o r s . 
I n t e r b e d d e d w i t h c o n g l o m e r a t e s and s a n d s t o n e s a r e t h e l i m e s t o n e 
b e d s , wh ich a r e g r a y and t a n i n c o l o r . These l i m e s t o n e s a r e e x t r e m e l y 
h a r d and d e n s e , v a r y i n g i n t e x t u r e from n o n - c r y s t a l l i n e t o c r y s t a l l i n e . 
Sand g r a i n s , m o s t l y q u a r t z , o c c u r s c a t t e r e d t h r o u g h o u t t h e b e d s . At 
p l a c e s w i t h i n t h e measured s e c t i o n c o n t o r t e d and b r a c c i a t e d b e d s o f 
l i m e s t o n e o c c u r i n d i c a t i n g a p r e - l i t h i f i c a t i o n d i s t u r b a n c e and p o s t -
l i t h i f i c a t i o n f r a c t u r i n g . The l i m e s t o n e b e d s i n g e n e r a l a r e i r r e g u l a r 
and t h e b e d d i n g p l a n e show u n d u l a t o r y s u r f a c e s . 
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The l i m e s t o n e s t r a t a of t h e Nor th Horn f o r m a t i o n a r e c h a r a c t e r i z e d 
t h r o u g h o u t t h e a r e a b y t h e o c c u r r e n c e of " a l g a l b a l l s " . The s i z e of 
t h e s e b a l l s v a r y from h a l f i n c h t o more t h a n a f o o t i n d i a m e t e r . A t 
c e r t a i n l e v e l s of t h e s e c t i o n , , t h e s e c o n c e n t r a t e t o such q u a n t i t i e s 
a s t o g i v e r i s e t o -what can a p p r o p r i a t e l y b e t e rmed a s " a l g a l b a l l 
c o n g l o m r a t e s " . I n such c o n g l o m e r a t e s a m a t r i x i s c o m p l e t e l y l a c k i n g 
(Hunt . 1 9 4 8 , p . 3 8 ) . 
E a r d l e y s u g g e s t e d t h e t e rm ' o o i d s 1 f o r t h e s e a l g a l b a l l s . He 
s u g g e s t e d t h a t t h e s e s t r u c t u r e s may h a v e " formed i n a l a k e impounded i n 
a c l o s e d b a s i n formed b y c o a l e s c i n g of a l l u v i a l f a n s " ( H u n t , 1 9 4 8 , 
p . 3 9 ) • 
I n s i g n i f i c a n t amount of s h a l e o c c u r s i n t h i s s e c t i o n . The s i l t -
s t o n e s , wh ich c o n s t i t u t e t h e b u l k of t h e N o r t h Horn f o r m a t i o n s o u t h 
of Dry Canyon, a r e a l s o p r e s e n t i n s u b o r d i n a t e q u a n t i t i e s . The 
maximum t h i c k n e s s of s i l t s t o n e b e d s measured i n t h i s s e c t i o n i s 76 f e e t . 
South o f Dry Canyon t h e e n t i r e l i t h o l o g y so c h a r a c t e r i s t i c of 
n o r t h e r n p a r t of t h e a r e a , " c h a n g e s t o g r a y s h a l e and c a l c a r e o u s s i l t -
s t o n e s " ( S p e i k e r , 1 9 4 9 , p» 2 9 ) w i t h s u b o r d i n a t e q u a n t i t i e s o f l i m e s t o n e 
o c c u r r i n g a t v a r i o u s s t r a t i g r a p h i c l e v e l s . 
I t i s o b s e r v e d t h a t t h e Nor th Horn f o r m a t i o n shows a r a p i d v a r i a t i o n 
i n f a c i e s w i t h i n a span of 10 m i l e s . I n Wales Canyon ( n o t i n t h e a r e a 
of i n v e s t i g a t i o n ) , " t h e N o r t h Horn f o r m a t i o n shows f a c i e s which a r e 
commonly p r e v a l e n t i n t h e c e n t r a l Wasa tch P l a t e a u and i s a p p r o x i m a t e l y 
250 f e e t t h i c k . He re i t c o n t a i n s b e d s of l i m e s t o n e o i l s h a l e s , and 
c o a l . Below t h e l i m e s t o n e b e d s more v a r i e g a t e d s h a l e s , l i m e s t o n e s , 
s i l t s t o n e s , s a n d s t o n e s , and r e d s h a l e s o c c u r ( S p e i k e r , 1 9 4 9 , p . 2 9 ) . 
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T h i s f a c i e s i s n o t o b s e r v e d i n Axehandle Canyon though t h e d i s t a n c e 
i n v o l v e d i s a b o u t 5 m i l e s . 
I f o n l y l i t h o l o g i c c h a r a c t e r s a r e c o n s i d e r e d i t would be v e r y 
d i f f i c u l t t o c o r r e l a t e t h e v a r i o u s f a c i e s of t h e N o r t h Horn f o r m a t i o n , 
which a r e p r e s e n t w i t h i n a span of 10 m i l e s . 
The i n c r e a s e i n t h i c k n e s s of t h e N o r t h Horn f o r m a t i o n i n t h i s 
r e g i o n i s m a i n l y due t o t h e e x p o s u r e of a d d i t i o n a l b e d s , wh ich a r e 
m i s s i n g i n Axehandle Canyon a r e a and f a r t h e r s o u t h . I t i s e s t i m a t e d 
t h a t a t l e a s t 1000 - 12000 f e e t of a d d i t i o n a l s t r a t a a r e e x p o s e d i n 
t h e " b u l k y p r o m o n t o r y " a r e a . 
Hun t ( 1 9 4 8 , p . 3 9 - 4 0 ) s u g g e s t e d t h a t t h e g r e a t t h i c k n e s s a t t a i n e d 
by t h e Nor th Horn f o r m a t i o n i n t h e l o c a l i t y now r e f e r r e d t o a s " t h e 
P o i n t o f t h e M o u n t a i n " , i s due t o d i f f e r e n t i a l s u b s i d a n c e of a l e v e l e d 
s u r f a c e d u r i n g t h e d e p o s i t i o n of t h e Nor th Horn f o r m a t i o n . The s u b ­
s i d a n c e was more r a p i d t o t h e n o r t h . 
The t o t a l t h i c k n e s s of t h e Nor th Horn f o r m a t i o n measu red i n t h e 
a r e a of i n v e s t i g a t i o n i s 1698 f e e t . 
S e c t i o n of t h e Nor th Horn f o r m a t i o n measu red a t t h e n o r t h e r n 
w a l l of Axehand le Canyon n e a r i t s mou th . F e e t I n c h e s 
C o n g l o m e r a t e , m a s s i v e l e n t i c u l a r , c r o s s - b e d d e d , l e n s e s of 
s a n d s t o n e , f r i a b l e a t t h e t o p . The s andy m a t r i x t e n d s 
t o become c l a y e y i n t h e u p p e r p a r t s . The c o n g l o m e r a t e 
c o m p r i s e s of d a r k c o l o r e d l i m e s t o n e p e b b l e m e a s u r i n g 
1 - 2 i n c h e s i n d i a m e t e r . . . . . . . . . . « « . . . . « . . . » . . . . o * . 392 0 
S a n d s t o n e , g r a y , e v e n l y b e d d e d , w e a t h e r by t h e p r o c e s s of 
e x f o l i a t i o n 12 0 
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F e e t I n c h e s 
S i l t s t o n e , compact and w e l l c e m e n t e d , shows l e n t i c u l a r 
b e d d i n g oo©aoooaooi»o©»<>»<»«>»»e»oeeaoo»»e»»»»e«oo»oo» 76 0 
C o n g l o m e r a t e , v a r i e g a t e d , s a n d s t o n e and q u a r t z i t e p e b b l e s 
a b u n d a n t l i m e s t o n e p e b b l e s r a r e • • • « • « • • • • • • • » * * • • • 16 0 
S a n d s t o n e , t a n c o l o r e d , a n g u l a r t o s u b - a n g u l a r g r a i n s , • 6 
L i m e s t o n e , t a n t o g r a y , d e n s e , n o n - c r y s t a l l i n e t o a l m o s t 
l i t h o g r a p h i c , a few a l g a l b a l l s o r • o o i d s * o c c u r 
S c a t t e r e d ooo9e«»e»»o»o»o»eo«o»»»««o«»»e««0*»0o**** 84 0 
C o n g l o m e r a t e , l e n t i c u l a r , m o s t l y l i m e s t o n e p e b b l e s r a n g i n g 
i n s i z e from i f i n c h t o 2 i n c h e s i n d i a m e t e r . . „ • • • 4 0 
S a n d s t o n e , m o t t l e d , l o s e l y cemented t o a l m o s t f r i a b l e . . 4 0 
L i m e s t o n e , n o d u l a r f r e s h s u r f a c e t a n t o w h i t e , w e a t h e r s 
brOWn oooooooooooooooooei joasonaeeooeoososisseoaeoooe 10 0 
L i m e s t o n e , g r a y , m a s s i v e , o c c a s s i o n a l a l g a l b a l l s 
o r • o o i d s * 29 6 
C o n g l o m e r a t e , t a n t o brown and b l a c k l i m e s t o n e p e b b l e s , 
l e n t i c u l a r s a n d s t o n e p r e s e n t • O oooooooeooooo« < ,ooo«» 8 3 
S a n d s t o n e , t a n t o b rown, medium g r a i n e d , c o n t o r t e d „ « . * c e 43 3 
L i m e s t o n e , n o n - c r y s t a l l i n e t o a l m o s t l i t h o g r a p h i c 
m a s s i v e and f r a c t u r e d eo»eeo9ooo»9o»eo9ooo«oe»oaoo« 17 0 
S a n d s t o n e , medium t o c o a r s e , c l i f f fo rming s i m i l a r 
t o one e x p o s e d i n Coa l Canyon • • • . « , • • • • • • . 2 1 0 
S h a l e , b l u i s h - g r a y , l i m o n i t e s t a i n s , o c c a s i o n a l 
o c c u r r e n c e of p y r i t e c r y s t a l • • • • • • « • • • • • • • • • • • • • • • 4 6 
S a n d s t o n e , t a n t o g r a y , medium t o c o a r s e g r a i n e d , 
c o n t o r t e d , c o n g l o m e r a t e a t b a s e • * • • • < , « • • < . • . 34 6 
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F e e t I n c h e s 
L i m e s t o n e , t a n t o g r a y , f i n e l y c r y s t a l l i n e m a s s i v e , w e a t h e r s 
t o v a r i o u s s h a d e s of brown <,o e o«eoooe«eooooo<>oooo 26 0 
S a n d s t o n e , t a n t o g r a y 9 c o a r s e g r a i n e d a l b a s e ^ midd l e p o r t i o n 
brown and c a l c a r e o u s , becoming f r i a b l e n e a r t o p . 36 9 
L i m e s t o n e , d a r k g r a y , m a s s i v e , n o n c r y s t a l l i n e becoming 
l i t h o g r a p h i c • • • • « e » » • • • • • • ' » • • » • # • • • • • • • • • • • • • • • • 14 3 
S a n d s t o n e , t a n , f i n e g r a i n e d « .o»o»ooee 9 a«»eo»oooi>0oo« 10 0 
S a n d s t o n e , t a n t o g r a y , medium g r a i n e d « • • „ • • • • 4 0 
L i m e s t o n e , t a n , n o d u l a r , w e a t h e r s y e l l o w » . « o . o * . . « o « » 14 0 
S a n d s t o n e , g r a y and d a r k t a n , f i n e g r a i n e d , m a s s i v e • • 37 0 
L i m e s t o n e , t a n m a r l y and c o n c r e t i o n a r y • 3 0 
C o n g l o m e r a t e , d o m i n a n t l y c o m p r i s e d of q u a r t z i t e p e b b l e s 4 0 
S a n d s t o n e , t a n t o b r o w n , f i n e t o medium g r a i n e d „ 28 0 
L i m e s t o n e , g r a y , t h i n l e n t i c u l a r , c o n g l o m e r a t e a t b a s e 26 0 
S a n d s t o n e , g r a y , medium t o c o a r s e g r a i n e d , a n g u l a r 
tO SUbangUlar o e a o c e a a a e a e a o a a o o o a o a v a a e o o e s e o o o o 5 0 
L i m e s t o n e , t a n , l a r g e a l g a l b a l l s o r *oo ids* v a r y i n g i n 
s i z e from 2 t o 6 i n c h e s . Mass ive a»o«ooaooo»o«a e 20 0 
S a n d s t o n e , g r a y , c o a r s e g r a i n e d , CrOSS—bedded eaaaoaeo 16 0 
LimeStOne, g r a y , SOft aeoaaoeeeoaooeeeoeoaeoaooooooeoo 14 0 
S a n d s t o n e , g r a y , medium t o c o a r s e - g r a i n e d . . a o a a . o a . . . 16 0 
L i m e s t o n e , g r a y , t a n , m a s s i v e , c h a r a c t e r i z e d by a l g a l 
b a l l s v a r y i n g i n s i z e \ t o a s much a s 1 f o o t • » • * 49 0 
S a n d s t o n e , t a n , l o o s e l y cemen ted »c, ooooooo»o«aaao«a«ao 20 0 
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F e e t I n c h e s 
S a n d s t o n e , g r a y i s h w h i t e t o w h i t e j w e a t h e r s t o b rown , 
c o n g l o m e r a t i c a t b a s e 09000000009900000000000000000 30 0 
L i m e s t o n e , t a n , c o n g l o m e r a t i c a t b a s e 0.0000000000000000 24 8 
L i m e s t o n e , g r a y , a l g a l b a l l s p r e s e n t v a r y i n g i n s i z e 
from 1 t o 2 m c h e s 00000000090000000000000000000000 1 1 4 
S a n d s t o n e , t a n , forms c l i f f 00000000000000000000000000*0 90 0 
L i m e s t o n e , g r a y n o d u l a r •« •o
 0 OO9OO0O000000000O0000O00000 1 5 0 
C o n g l o m e r a t e , b l a c k l i m e s t o n e p e b b l e s a b u n d a n t , 
q u a r t z i t i c p e b b l e s r a r e , l e n t i c u l a r • 5 0 
S a n d s t o n e , g r a y , s l a b b y t o t h i n - b e d d e d • 0 25 0 
L i m e s t o n e , d a r k - g r a y , e x t e n s i v e l y b r e c c i a t e d 00000 4 6 
S a n d s t o n e , t a n t o g r a y , c o a r s e g r a i n e d , a n g u l a r t o 
s u b - a n g u l a r , p o o r l y cemented t o f r i a b l e • • • • • • • • • • • 4 0 
S a n d s t o n e , g r a y , medium g r a i n e d 00000 4 0 
G r i t , b o t t l e d , w e a t h e r s y e l l o w 0000000000000000000000000 12 0 
C o n g l o m e r a t e , l e n t i c u l a r 0009000000000000000000000000000 3 0 
S a n d s t o n e , t a n t o g r a y , medium g r a i n e d , c a l c a r e o u s , 
m a s s i v e 0000000090900000090000000000000000000990090 1 5 0 
L i m e s t o n e , t a n t o g r a y , g r a i n s of q u a r t z s c a t t e r e d . o . . . 86 0 
C o n g l o m e r a t e , d i r t y b u f f , w e a t h e r s p i n k 000*00000000000. 5 0 
L i m e s t o n e , g^^-y, d e n s e 0.0000990009000090000000000000009 7 0 
C o n g l o m e r a t e , d a r k l i m e s t o n e p e b b l e s and l i g h t 
c o l o r e d q u a r t z i t e p e b b l e s oooo.ooeoooooooooocooeooo 25 0 
L i m e s t o n e , g r a y , d e n s e m a s s i v e • o • * • 0 • « . . . « 25 0 
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F e e t I n c h e s 
S a n d s t o n e , g r a y , w e a t h e r s brown . . . . 54 0 
S h a l e , p i n k , s a n d y , q u a r t z g r a i n a b u n d a n t • 4 0 
S a n d s t o n e , g ray^ medium t o c o a r s e g r a i n e d * c r o s s -
b e d d e d , w e a t h e r s t o b l a c k . . . . . • • 13 0 
L i m e s t o n e , n o n - c r y s t a l l i n e t o f i n e l y c r y s t a l l i n e , 
maSSlVe o o . e e o . o o o « o . . « e o » « « . « * o . • « • • « » • • • • 2 1 0 
L i m e s t o n e , t a n t o cream c o l o r e d , d e n s e • » • . . . . . . . • • • . . • 4 5 0 
S a n d s t o n e , g r a y , f i n e - g r a i n e d w e a t h e r s t o brown • 38 0 
L i m e s t o n e , t a n , dense • • • • • • 62 0 
S a n d s t o n e , g r a y i s h b rown , medium g r a i n e d • • • 20 0 
L i m e s t o n e , d a r k g r a y , w e a t h e r s y e l l o w 3 0 
S h a l e , g r a y , g r a n u l a r 7 6 
S a n d s t o n e , g r a y , medium g r a i n e d , a n g u l a r t o s u b -
a n g u l a r , fo rms t h e l a s t c l i f f s e p a r a t i n g t h e 
Nor th Horn f o r m a t i o n from t h e F l a g s t a f f f o r m a t i o n 
(Lime s t o n e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •"•*••• 12 6 
T o t a l t h i c k n e s s 1 ,698 6 
R e l a t i o n t o A d j a c e n t F o r m a t i o n s 
I n t h e t y p e l o c a l i t y t h e N o r t h Horn f o r m a t i o n o c c u r s be tween t h e 
u n d e r l y i n g P r i c e R i v e r f o r m a t i o n and t h e o v e r l y i n g F l a g s t a f f l i m e s t o n e . 
I n a r e a s l y i n g t o t h e s o u t h of t h e a r e a of i n v e s t i g a t i o n , b o t h t h e u p p e r 
and l o w e r b o u n d a r i e s of t h e N o r t h Horn f o r m a t i o n h a v e b e e n a r b i t r a r i l y 
d e t e r m i n e d . G i l l i l a n d (1951> P» 2 3 ) , f i x e d t h e u p p e r b o u n d a r y o f t h e 
Nor th Horn f o r m a t i o n of t h e Gunnison Q u a d r a n g l e on a r b i t r a r y b a s i s . 
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In M e l l o r Canyon which l i e s a t t h e s o u t h w e s t e r n end of t h e Gunnison 
p l a t e a u , t h e l o w e r b o u n d a r y of t h e N o r t h Horn f o r m a t i o n i s g r a d a t i o n a l 
w i t h t h e P r i c e R i v e r f o r m a t i o n , w h i l e t h e u p p e r b o u n d a r y i s g r a d a t i o n a l 
w i t h t h e o v e r l y i n g l a c u s t r i n e F l a g s t a f f L i m e s t o n e . However, i n S ix m i l e 
Canyon n e a r S t e r l i n g , U t a h , t h e o v e r l y i n g F l a g s t a f f L imes tone i s 
s een t r u n c a t i n g t h e u n d e r l y i n g Nor th Horn f o r m a t i o n ( S p e i k e r , 1 9 4 6 , 
p* 1 3 3 ) . 
I n t h e t h e s i s a r e a , b o t h t h e l o w e r and t h e u p p e r b o u n d a r i e s a r e 
e x p o s e d . The c o n t a c t of t h e N or th Horn f o r m a t i o n w i t h t h e u n d e r l y i n g 
P r i c e R i v e r f o r m a t i o n i s c o n f o r m a b l e . S i m i l a r l y t h e c o n t a c t of t h e 
Nor th Horn f o r m a t i o n w i t h t h e o v e r l y i n g l a c u s t r i n e F l a g s t a f f L imes tone 
i s c o n f o r m a b l e . Between Axehandle Canyon and Rock Creek and i n t h e 
n o r t h of t h i s a r e a , a 20 f o o t c l i f f f o r m i n g s a n d s t o n e bed s e p a r a t e s t h e 
Nor th Horn f o r m a t i o n from t h e o v e r l y i n g F l a g s t a f f f o r m a t i o n ( L i m e s t o n e ) . 
The c o n t a c t i s p l a c e d a l o n g t h e u p p e r s u r f a c e of t h e s a n d s t o n e b e d . 
An a n g u l a r u n c o n f o r m i t y s e p a r a t e s t h e N o r t h Horn f o r m a t i o n from 
t h e u n d e r l y i n g T w i s t Gulch f o r m a t i o n , w h e r e v e r t h e P r i c e R i v e r f o r m a t i o n 
i s l a c k i n g o r n o t e x p o s e d . Thus i n d i c a t i n g r emova l of t h e I n d i a n o l a 
and t h e P r i c e R i v e r f o r m a t i o n s b e f o r e t h e N o r t h Horn f o r m a t i o n was 
d e p o s i t e d . 
Between Maple Canyon and Dry Canyon, b o t h t h e l o w e r and u p p e r 
c o n t a c t s of t h e Nor th Horn f o r m a t i o n a r e c o n f o r m a b l e a s w e l l a s g r a d a ­
t i o n a l . The b o u n d a r i e s a r e f i x e d on a p u r e l y l i t h o l o g i c b a s i s . Here 
t h e l o w e r c o n t a c t of t h e Nor th Horn f o r m a t i o n i s p l a c e d on t h e t o p 
of t h e P r i c e R i v e r c o n g l o m e r a t e . Whereas t h e u p p e r c o n t a c t of t h e 
Nor th Horn f o r m a t i o n i s p l a c e d where s i l t and s a n d s t o n e s t r a t a g i v e 
 
 ellor   li s t  t estern  f t   
Pl t ,  er ary f  rt  r  ati n  r  
i   rice i r ati , il   er dary 1s  
i   rl i  tri  l t f e t . aver, 1n i   
 r t l , ,  rl i  l gsta f 1 est  i  
 ti   rl i  rt  r  ti  i er,  
. ). 
I  the thesis area, both tile lo er and the upper boundaries are 
exposed. he c tact f t e orth Rom f r ati  i til t e erl ing 
Price iver fannati  1s confor able . i ilarl  t e c tact f the 
orth orn for ation ith the overlying lacustrine Flagstaff Limestone 
1s confor able . et een xehandle anyon and ock reek and i  the 
north of this area, a 20 foot cliff for ing sandstone bed separates the 
orth orn for ation fro  the overlying Flagstaff for ation (Li estone). 
'lll.e contact is placed along the upper surface of the sandstone bed. 
n angular unconfor ity separates the orth orn for ation fro  
the underlying T ist ulch for ation, herever the Price iver for ation 
is lacking or not. exposed. Thus indicating re oval of the Indianola 
and the rice iver for ati ons before the orth orn for ation as 
depo si ted. 
et een aple anyon and ry anyon, both the lo er and upper 
contacts of the orth Horn for a tion are confor able as ell as grada-
tional . The boundaries are fixed on a purely lithologic basis . ere 
t e lo er c tact f t e orth orn for ation i  place  on t e top 
f t e rice iver conglo erate. hereas t e upper c tact f the 
orth orn f r ati  i s lace  here s ilt and sa st e str t  give 
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way t o f i r s t p e r s i s t a n t b e d s of l i m e s t o n e of t h e F l a g s t a f f f o r m a t i o n . 
F a r t h e r s o u t h , n e a r Maple Canyon, t h e P r i c e R i v e r c o n g l o m e r a t e p i n c h e s 
o u t and t h e Nor th Horn f o r m a t i o n u n c o n f o r m a b l y o v e r l i e s t h e T w i s t 
Gulch f o r m a t i o n , . 
Age and C o r r e l a t i o n 
On t h e b a s i s of f a u n a l e v i d e n c e s , c o l l e c t e d from t h e t y p e 
l o c a l i t y , S p e i k e r ( 1 9 4 6 , p . 135) h a s c o n c l u s i v e l y d e m o n s t r a t e d t h a t 
t h e Nor th Horn f o r m a t i o n embodies t h e " p a s s a g e from C r e t a c e o u s t o 
T e r t i a r y " , c o n s e q u e n t l y t h e age of t h e Nor th Horn f o r m a t i o n i s t r a n ­
s i t o r y be tween t h e l a t e s t C r e t a c e o u s and t h e e a r l i e s t P a l e o c e n e . 
I n t h e a r e a of t h i s r e p o r t no f o s s i l s were f o u n d . The age 
d e t e r m i n a t i o n and c o r r e l a t i o n of t h e N o r t h Horn f o r m a t i o n i s t h u s 
e x c l u s i v e l y b a s e d on t h e s t r a t i g r a p h i c e v i d e n c e s . As b o t h t h e u p p e r 
and l o w e r c o n t a c t s of t h e Nor th Horn f o r m a t i o n a r e exposed i n t h e 
a r e a o f t h i s r e p o r t , i t i s assumed t h a t t h e f o r m a t i o n h a s a b o u t t h e 
same age a s t h e Nor th Horn f o r m a t i o n a t t y p e l o c a l i t y , and h e n c e 
i s c o r r e l a t a b l e " i n some p a r t s w i t h t h e Lance and t h e F o r t Union 
f o r m a t i o n s o f t h e n o r t h e r n p l a n e s ; and w i t h t h e Ojo Alamo, t h e P u e r c o s 
and t h e T o r r e j o n f o r m a t i o n o f t h e San J u a n B a s i n " ( S p e i k e r , 1 9 4 6 , p . 135) • 
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TERTIARY SYSTEM 
FLAGSTAFF FORMATION (LIMESTONE) 
D e f i n i t i o n and Type L o c a l i t y 
The F l a g s t a f f f l i m e s t o n e , a f o r m e r member of t h e Wasatch f o r m a t i o n 
was named b y S p e i k e r and R e e s i d e ( 1 9 2 5 , P . 4 4 5 - 4 4 9 ) from F l a g s t a f f 
Peak i n t h e s o u t h e r n Wasatch P l a t e a u . I t was i n c l u d e d a s a member i n 
t h e Wasatch f o r m a t i o n m a i n l y b e c a u s e of b e i n g c o n s i d e r e d " t o be a 
l a c u s t r i n e p h a s e b e t w e e n f l o o d - p l a i n d e p o s i t s of Wasatch a g e " ( S p e i k e r 
1 9 4 6 , p . 1 3 5 ) . However , t h e l o w e r member, now t h e Nor th Horn f o r m a t i o n 
i s n o t c o n s i d e r e d of Wasa tch age and t h e F l a g s t a f f l i m e s t o n e i s known 
t o show g r e a t e r a f f i n i t i e s t o t h e Green R i v e r f o r m a t i o n t h a n t h e Wasa tch 
f o r m a t i o n , an age a s w e l l a s a n o m e n c l a t u r e r e v i s i o n became i n e v i t a b l e . 
The F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) i s e x t e n s i v e l y d e v e l o p e d o v e r 
a l a r g e r e g i o n , and shows a g r e a t d e g r e e of p e r s i s t a n c e and g e n e r a l 
c o n s i s t e n c y on a r e g i o n a l s c a l e , t h u s w a r r a n t i n g t h e r e v i s i o n of t h e 
e x i s t i n g n o m e n c l a t u r e . C o n s e q u e n t l y , t h e F l a g s t a f f L i m e s t o n e member 
was e l e v a t e d t o f o r m a t i o n a l r a n k ( S p e i k e r , 1 9 4 6 , p . 135) • 
G i l l i l a n d ( 1 9 4 9 , P . 70) u s e d t h e t e rm ' F l a g s t a f f F o r m a t i o n 1 f o r 
t h e w e s t e r n e x t e n s i o n of t h e F l a g s t a f f l i m e s t o n e . He c o n s i d e r e d t h e 
t e rm F l a g s t a f f l i m e s t o n e i n a p p r o p r i a t e t o d e s c r i b e t h e u n i t exposed 
i n t h e a r e a w e s t of S e v e i r V a l l e y . Here t h e ' F l a g s t a f f L imes tone* 
i s n o t a homogeneous f o r m a t i o n . I t c o n t a i n s c o n s i d e r a b l e amounts 
of s a n d s t o n e s and c o n g l o m e r a t e s . 
I n t h e a r e a of i n v e s t i g a t i o n , t h e F l a g s t a f f l i m e s t o n e shows a 
g r e a t e r d e g r e e of h o m o g e n i t y . The s h a l e and s a n d s t o n e c o n s t i t u t e an 
 ( I  
  Locality 
f!      for , 
   p   Flagst  
 1    a sat     :l    1  
           
   l i    1;.{asatc  ( l , 
, . . ,  l  ,  t ,s rt   for ti  
i  t si r  f s t    t  l s t ff li st e 1s  
t  s  r t r ffi iti  t  t  ree  i er f r ti t  t  asatc  
ti ,    ll   l t r  i i   i ita le . 
he la st ff f r ati  (li est e) i  ~  e el e  er 
a large region, and sho s a great degree of oersistance and general 
c sista c  on a regi al sc l , t s arra ti g the re i s i  f t e 
e is ti  nomenclat re. onsequently, the la sta:fr i estone e ber 
as ele ate  to for ational rank ( peiker, 1946, .p. 135). 
i   p     staff r ati n' f
t  t  t i   t  l ff li t .  i r  t  
 ff  ri t   i   it  
i  t   t f ir ll . r  t  ' l gstaff i e t ' 
 t   ti . I t t i  i l  t  
f sa st es a  conglo erates. 
   f stig t ,  ff t   
t r  f genit .  l   st ne stit te  
60 
i n s i g n i f i c a n t amount of t h e t o t a l t h i c k n e s s exposed i n t h e a r e a . The 
c a l c a r e o u s f a c i e s d o m i n a t e s and t h e c l a s t i c f a c i e s a r e so i n s i g n i f i c a n t 
t h a t t h e w r i t e r d o e s n o t t h i n k i t t o be c o m p l e t e l y a p p r o p r i a t e t o 
e x t e n d G i l l i l a n d s n o m e n c l a t u r e t o t h e a r e a of t h i s r e p o r t 0 C o n s e q u e n t l y 
t h e t e rm ' F l a g s t a f f l i m e s t o n e ' i s r e t a i n e d b e s i d e s u s i n g G i l l i l a n d ' s 
l a t e s t t e r m " F l a g s t a f f f o r m a t i o n " . 
Hunt (1948) who o r i g i n a l l y d e s c r i b e d t h e g e o l o g y of t h i s a r e a 
u s e d t h e t e r m F l a g s t a f f l i m e s t o n e a s c o i n e d b y S p e i k e r and R e e s i d e 
(192-5, p . 4 4 8 - 4 4 9 ) and l a t e r r e v i s e d by S p e i k e r (1946 , p . 1 3 5 ) . 
D i s t r i b u t i o n 
The F l a g s t a f f l i m e s t o n e i s e x t e n s i v e l y d e v e l o p e d i n t h e Wasa tch 
P l a t e a u , t h e Gunnison P l a t e a u , t h e V a l l e y M o u n t a i n s , t h e Long R i d g e , 
and t h e P a v a n t Range . I t i s known t o c r o p o u t i n t h e a r e a n o r t h t o 
t h e Brook C l i f f s . 
The F l a g s t a f f l i m e s t o n e i s e a s i l y r e c o g n i z a b l e i n a l l l o c a l i t i e s 
where i t i s e x p o s e d . I t ' s g r a y i s h w h i t e c o l o r and c l i f f f o r m i n g 
c h a r a c t e r s make i t a s one of t h e most d i s t i n c t f o r m a t i o n s of t h e a r e a 
of t h i s r e p o r t o I n t h e words of S p e i k e r " t h e F l a g s t a f f l i m e s t o n e 
i s n o t o n l y p r o m i n e n t , b u t i t i s a l s o u s e f u l , i n i t s r e g i o n a l o e r s i s t -
ence and g e n e r a l c o n s i s t e n c y , a s a marke r u n i t , a s t e a d y and r e l i a b l e 
g u i d e , r u n n i n g s o l i d l y and c o n s e r v a t i v e l y t h r o u g h t h e shambles of 
l i t h o l o g i c o r i g i n a l i t y i n d u l g e d by i t s f e l l o w f o r m a t i o n . W i t h o u t 
F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) f o r e x a m p l e , t h e s t r a t i g r a p h y of t h e 
Gunnison P l a t e a u would be d i f f i c u l t , and l o c a l l y p e r h a p s i m p o s s i b l e 
t o work o u t . . . " ( 1 9 4 9 , p . 3 1 ) . 
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On t h e w e s t e r n s i d e of t h e Wasatch P l a t e a u , t h e F l a g s t a f f f o r m a ­
t i o n ( l i m e s t o n e ) c r o p s o u t i n l o n g c o n t i n u o u s l e d g e s m o s t l y c a p p i n g 
t h e h i g h e r p a r t s of t h e p l a t e a u . The f o r m a t i o n sweeps down a l o n g t h e 
Wasatch M o n o c l i n e , and p a s s e s u n d e r t h e a l l u v i u m of t h e S a n p e t e 
V a l l e y which l i e s t o t h e w e s t . 
Li t h e a r e a of t h i s r e p o r t , t h e F l a g s t a f f f l i m e s t o n e o c c u r s c o n ­
t i n u o u s l y n e a r t h e c r e s t of t h e p l a t e a u f r o n t . The F l a g s t a f f f o r m a t i o n 
( l i m e s t o n e ) c r o p s o u t on t h e o u t l y i n g h i l l s a l o n g t h e b a s e of t h e 
e a s t e r n f r o n t . These o u t l y i n g h i l l s , composed m a i n l y of t h e F l a g s t a f f 
f o r m a t i o n ( l i m e s t o n e ) , a r e l a n d s l i d e o r s lump b l o c k s of t h e 1 T o r r e v a 1 
t y p e . 
The F l a g s t a f f l i m e s t o n e s e r v e s a s an i m o o r t a n t f o r m a t i o n i n t h e 
a r e a of t h i s r e p o r t and i s of c o n s i d e r a b l e h e l p i n w o r k i n g o u t t h e 
s t r a t i g r a p h y of t h e a r e a . 
L i t h o l o g y and T h i c k n e s s 
I n t h e a r e a of i n v e s t i g a t i o n t h e u n i t i s m a i n l y composed of 
l i m e s t o n e , w i t h s u b o r d i n a t e amounts of s a n d s t o n e s and s h a l e s o c c u r r i n g 
a t v a r i o u s s t r a t i g r a p h i c l e v e l s . 
The l i m e s t o n e s v a r y from f i n e l y c r y s t a l l i n e t o l i t h o g r a p h i c i n 
t e x t u r e . The u n i t shows a v a r i e t y of c o l o r s . The d o m i n a n t c o l o r 
i s y e l l o w i s h g r a y , h o w e v e r , d a r k g r a y , b rown, t a n , b l a c k , o r even 
w h i t e c o l o r e d l i m e s t o n e s t r a t a o c c u r a t v a r i o u s s t r a t i g r a p h i c l e v e l s . 
C a l c i t e i n c l u s i o n s and a l g a l b a l l s o c c u r s c a t t e r e d t h r o u g h o u t t h e 
f o r m a t i o n , howeve r , t h e a l g a l b a l l s a r e more a b u n d a n t i n t h e l o w e r 
s t r a t a of t h e f o r m a t i o n . Dark g r a y t o b l a c k l i m e s t o n e s a r e f o s s i l i f -
e r o u s and c o n t a i n s a v a r i e t y of f r e s h w a t e r m o l l u s c a n s and o s t r a c o d e s 
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of P a i e o c e n e and Eocene a g e s . 
Th in b e d s of c a l c a r e o u s s h a l e a r e i n t e r b e d d e d w i t h l i m e s t o n e 
b e d s . However , where o r e s e n t a s t h i c k b e d s , show b l o c k y s t r u c t u r e , 
t h e s h a l e s a r e d e n s e and d a r k g r a y i n c o l o r . The s a n d s t o n e s which 
a r e t a n and g r a y i n c o l o r and medium t o c o a r s e g r a i n e d i n t e x t u r e , 
show g r e a t a f f i n i t i e s t o t h e s a n d s t o n e s of t h e Nor th Horn f o r m a t i o n , 
p o i n t i n g t o t h e c o n t i n u a t i o n of t h e c o n d i t i o n s e s t a b l i s h e d d u r i n g 
t h e d e v e l o p m e n t of t h e Nor th Horn f o r m a t i o n . The s a n d s t o n e s and s h a l e 
s t r a t a a r e c o n f i n e d t o l o w e r p a r t of t h e f o r m a t i o n . 
The F l a g s t a f f l i m e s t o n e , t hough g i v e s t h e a p p e a r a n c e of b e i n g w e l l 
b e d d e d , i s h o w e v e r , i r r e g u l a r l y bedded and i n d i v i d u a l s t r a t a c a n n o t 
b e t r a c e d l a t e r a l l y o v e r a d i s t a n c e of 200 f e e t . The s t r a t a show 
a p r e v a l e n t t e n d e n c y of p i n c h i n g o u t i n e i t h e r d i r e c t i o n . More 
u n d u l a t o r y and i r r e g u l a r b e d d i n g i s o b s e r v e d i n p l a c e s where n o d u l a r 
( a l g a l ? ) l i m e s t o n e i s p r e s e n t . 
On t h e b a s i s of l i t h o l o g y t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) can 
o n l y be d i f f e r e n t i a t e d i n t o t h r e e t y p e s which a r e n o t t r a c e a b l e o v e r 
d i s t a n c e s of more t h a n 200 f e e t . These t y p e s a r e r e p e a t e d a t v a r i o u s 
s t r a t i g r a p h i c l e v e l s , and l i t h o l o g i c a l l y t h e y r e p r e s e n t t h r e e k i n d s of 
l i m e s t o n e s . 
L i t h o g r a p h i c L i m e s t o n e s 
F i n e l y c r y s t a l l i n e L imes tone 
Nodula r l i m e s t o n e w i t h a l g a l b a l l s . 
G i l l i l a n d (1951» P . 2 6 - 3 0 ) d i f f e r e n t i a t e d t h e F l a g s t a f f l i m e s t o n e 
( F l a g s t a f f f o r m a t i o n a s t e r m e d b y him w h i l e d e s c r i b i n g t h e g e o l o g y of 
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t h e Gunnison Q u a d r a n g l e ) i n t o 5 d i f f e r e n t u n i t s . T h i s d i f f e r e n t i a t i o n 
i s m a i n l y b a s e d on t h e l i t h o l o g i c c h a r a c t e r s . The t y p e l o c a l i t y 
f o r G i l l i l a n d ' s u n i t s i s t h e V a l l e y M o u n t a i n s . B a s i c a l l y h e r e c o g n i z e d 
k d i s t i n c t f a c i e s of t h e F l a g s t a f f l i m e s t o n e which h e d e s i g n a t e d a s : 
1 . " V a l l e y Mounta in F a c i e s 
2 . F a y e t t e f a c i e s 
3 . Wi l low Creek f a c i e s 
4 . Gunnison P l a t e a u f a c i e s " 
The V a l l e y Moun ta in f a c i e s shows t h e maximum d e v e l o p m e n t of 
t h i c k n e s s a s compared t o t h e o t h e r s a s m e n t i o n e d a b o v e . G i l l i l a n d 
(1951» P« 2 6 ) d i v i d e d t h e V a l l e y Mounta in f a c i e s i n t o f i v e u n i t s . 
The " U n i t A" which i s t h e b a s a l u n i t . m a i n l y c o n s i s t s of y e l l o w and 
g r a y , d e n s e t o f i n e l y c r y s t a l l i n e , m a s s i v e , f o s s i l i f e r o u s l i m e s t o n e 
w i t h s m a l l amounts of a r e n a c e o u s l i m e s t o n e , a few brown s a n d s t o n e 
l e n s e s i n t h e l o w e r p a r t and g r a y s h a l e s " ( G i l l i l a n d , 1951 i P» 2 6 - 2 7 ) . 
I n t h e o p i n i o n of t h e w r i t e r , G i l l i l a n d ' s " U n i t A" shows g r e a t e r 
a f f i n i t i e s t o t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) of t h e a r e a of i n ­
v e s t i g a t i o n and h e n c e t h e Gunnison P l a t e a u f a c i e s of t h e F l a g s t a f f 
f o r m a t i o n i s r o u g h l y c o r r e l a t a b l e w i t h t h e " U n i t A" of t h e n o r t h e r n 
V a l l e y Moun ta in f a c i e s of t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) . 
The F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) i n t h e a r e a of i n v e s t i g a t i o n 
w e a t h e r s t o s h a r p l y a n g u l a r f r a g m e n t s which v a r y i n s i z e b e t w e e n 2 t o 
3 i n c h e s . These f r a g m e n t s form v a r y s t e e p t a l u s s l o p e s a l o n g t h e 
e n t i r e e x p o s u r e of t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) on t h e e a s t e r n 
f r o n t of t h e Gunnison P l a t e a u . 
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The m e a s u r e d t h i c k n e s s of t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) i n 
t h e a r e a of i n v e s t i g a t i o n v a r i e s b e t w e e n 350 and 430 f e e t . 
S e c t i o n of t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) measured n e a r t h e 
t o p of n o r t h e r n w a l l of Axehandle Canyon a t i t s * mouth . 
F e e t I n c h e s 
Nor th Horn f o r m a t i o n 1698 6+ 
L i m e s t o n e , g r a y , f i n e l y c r y s t a l l i n e t o n o n ­
c r y s t a l l i n e , dense and h a r d 2 6 
S a n d s t o n e , medium g r a i n e d , a n g u l a r t o s u b -
a n g u l a r , d e n s e and w e l l cemented • • 5 6 
L i m e s t o n e , g r a y i s h w h i t e t o g r a y , a b u n d a n t 
q u a r t z i n c l u s i o n s m a s s i v e , d e n s e , and h a r d , 
b r e a k s w i t h c o n c h o i d a l f r a c t u r e • 100 
S h a l e , g r a y , g r a n u l a r , c a l c a r e o u s • 12 9 
L i m e s t o n e , g r a y t o d a r k g r a y a t p l a c e s , 
n o n - c r y s t a l l i n e t o a l m o s t l i t h o g r a p h i c forms 
c l i f f , a l g a l b a l l s a t b a s e 54 6 
S h a l e , g r a y , c a l c a r e o u s . . . . . . . . . . . . . . . . . . < > . . • • * • . . . • 35 6 
L i m e s t o n e , g r a y i s h w h i t e t o g r a y , m a s s i v e i n 
l o w e r p a r t s and c o n t a i n s a l g a l b a l l s n o d u l a r 
n e a r t o p , w e a t h e r s t o y e l l o w • 50 6 
L i m e s t o n e , g r a y t o t a n , m o s t l y a r g i l l a c e o u s , 
f o s s i l i f e r o u s n e a r t o p . . . . . . . . . . . . . . . . . . . . . . . . . 53 
S h a l e , b rown , g r a n u l a r and c a l c a r e o u s • 18 
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F e e t I n c h e s 
L i m e s t o n e , t a n , dense t o l i t h o g r a p h i c s p e c k e l e d 
w i t h s m a l l a n g u l a r smokey q u a r t z g r a i n s <>. 18 
T o t a l t h i c k n e s s 350 3 
R e l a t i o n t o A d j a c e n t F o r m a t i o n s 
I n t h e a r e a of t h i s r e p o r t t h e F l a g s t a f f l i m e s t o n e o v e r l i e s t h e 
Nor th Horn f o r m a t i o n , , The c o n t a c t i s b o t h con fo rmab le and g r a d a t i o n a l . 
In t h e n o r t h e r n p a r t of t h e a r e a , n e a r Axehandle Canyon, t h e t o p of t h e 
Nor th Horn f o r m a t i o n and t h e b o t t o m of t h e o v e r l y i n g F l a g s t a f f f o r m a t i o n 
( l i m e s t o n e ) i s drawn a t t h e b a s e of a p r o m i n e n t s a n d s t o n e c l i f f , making 
u n i t , h o w e v e r , i n t h e s o u t h e r n p a r t t h e c o n t a c t i s d e c i d e d l y g r a d a t i o n a l . 
The F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) i s o v e r l a i n b y t h e C o l t o n 
f o r m a t i o n . The c o n t a c t , t hough c o n f o r m a b l e i s v e r y s h a r p , b e i n g l o c a t e d 
a t t h e t o p of t h e F l a g s t a f f f o r m a t i o n from where a g e n t l e s l o p e s t a r t s 
mark ing t h e b a s e of t h e C o l t o n f o r m a t i o n . The s t e e p c l i f f s o f t h e 
F l a g s t a f f l i m e s t o n e a b r u p t l y g i v e way t o g e n t l e s l o p e s formed by t h e 
w e a t h e r i n g and e r o s i o n of c o m p a r a t i v e l y weake r s h a l e s of t h e Co l ton 
f o r m a t i o n . 
Age and C o r r e l a t i o n 
The e x a c t age of t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) i s f a r from 
b e i n g s e t t l e d . The q u o t e i s s e l f e x p l a n a t o r y . "The e a r l y c o n s i d e r a ­
t i o n of t h e Wasatch f o r m a t i o n of c e n t r a l Utah a s l ower Eocene and t h e 
r e s u l t i n g a s s i g n m e n t of most f o s s i l s found i n t h e Wasatch s t r a t a t o 
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a t t e m p t i n g t h e a g e s of t h e s e v e r a l f o r m a t i o n s now known t o c o m p r i s e 
t h e f o r m e r W a s a t c h " f o r m a t i o n . "The l o n g r a n g e s u s t a i n e d by many 
f r e s h - w a t e r s p e c i e s f u r t h e r c o m p l i c a t e s any age d e t e r m i n a t i o n s " 
( G i l l i l a n d , 1 9 5 1 , p» 3 2 ) . 
Whi le d i s c u s s i n g t h e age and c o r r e l a t i o n of t h e Nor th Horn 
f o r m a t i o n , i t was p o i n t e d o u t t h a t t h e Nor th Horn f o r m a t i o n embod ie s 
t h e " p a s s a g e from C r e t a c e o u s t o T e r t i a r y " , c o n s e q u e n t l y t h e age of 
t h e Nor th Horn f o r m a t i o n i s t r a n s i t o r y b e t w e e n l a t e s t C r e t a c e o u s and 
e a r l i e s t P a l e o c e n e . T h i s , t r a n s i t o r y age i s s u b s t a n t i a t e d by t h e 
v e r t e b r a t e f o s s i l s wh ich o c c u r i n t h e l o w e r s t r a t a . 
From t h e g e n e r a l r e l a t i o n s h i p of t h e Nor th Horn and t h e o v e r l y i n g 
F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) i t i s e v i d e n t t h a t t h e d e p o s i t i o n of 
t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) f o l l o w e d t h e d e p o s i t i o n of t h e 
Nor th Horn f o r m a t i o n w i t h o u t any a p p a r e n t l a p s e of t i m e ( a t l e a s t i n 
t h e a r e a of i n v e s t i g a t i o n , where t h e c o n t a c t b e t w e e n t h e Nor th Horn 
and t h e o v e r l y i n g F l a g s t a f f i s t r a n s i t o r y and no s t r a t i g r a p h i c b r e a k 
i s d i s c e r n a b l e ) . On t h e b a s i s of t h i s r e l a t i o n s h i p and t h e p r e s e n c e 
of f a u n a l s u i t i n t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) of t h e c e n t r a l 
Wasatch P l a t e a u , s u g g e s t i n g an age o l d e r t h a n Eocene , i t i s e v i d e n t 
t h a t t h e age of t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) can b e p l a c e d 
somewhere be tween m i d d l e and u p p e r P a l e o c e n e ( ? ) . See P l a t e 2 
( i n p o c k e t ) . 
G i l l i l a n d ( 1 9 5 1 , P» 3 2 ) , w h i l e c a r r y i n g o u t i n v e s t i g a t i o n s i n t h e 
Gunnison Q u a d r a n g l e , c o l l e c t e d a number of f o s s i l s from t h e F l a g s t a f f 
f o r m a t i o n ( l i m e s t o n e ) . However , none of t h e s e f o s s i l s f u r n i s h e s a 
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d e f i n i t e e v i d e n c e r e g a r d i n g t h e e x a c t age of t h e f o r m a t i o n u n d e r 
d i s c u s s i o n . 
On t h e combined b a s i s of p a l e o n t o l o g y , r e g i o n a l , and l o c a l 
s t r a t i g r a p h i c r e l a t i o n s h i p s , t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) c a n 
be a s s i g n e d t o a T i f f i a n and C l a r k f o r k i a n a g e , l a t e P a l e o c e n e , and 
can be c o r r e l a t e d w i t h t h e Fowkes f o r m a t i o n o f t h e s o u t h w e s t e r n 
Wyoming and t h e u p p e r m o s t F o r t Union s t r a t a of t h e n o r t h e r n G r e a t 
P l a i n s (wood, e t . a l . , 1 9 4 1 , p i . 1 ) . The same age and scheme of 
c o r r e l a t i o n was s u p p o r t e d by G i l l i l a n d (1951> P« 16 and 24 ) f o r t h e 
F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) of t h e Gunnison Q u a d r a n g l e . 
COLTON FORMATION 
D e f i n i t i o n and Type L o c a l i t y 
The C o l t o n f o r m a t i o n was f o r m e r l y c o n s i d e r e d a s t h e u p p e r member 
of t h e Wasa tch f o r m a t i o n b y S p e i k e r and R e e s i d e ( 1 9 2 5 , P . 4 4 9 ) . 
L a t e r i n 1 9 4 6 , S p e i k e r , w h i l e r e v i s i n g t h e f o r m e r Wasa tch f o r m a t i o n 
e l e v a t e d t h e f o r m e r u p p e r member of t h e Wasa tch t o f o r m a t i o n a l r a n k 
g i v i n g t h e name C o l t o n f o r m a t i o n ( S p e i k e r , 1 9 4 6 , p . 1 3 9 ) . At t h e 
t y p e l o c a l i t y n o r t h of C o l t o n t h e f o r m a t i o n o v e r l i e s t h e F l a g s t a f f 
f o r m a t i o n ( l i m e s t o n e ) and u n d e r l i e s t h e Green R i v e r f o r m a t i o n . 
D i s t r i b u t i o n 
As compared t o other f o r m a t i o n s which a r e exposed i n t h e a r e a of 
i n v e s t i g a t i o n , t h e C o l t o n f o r m a t i o n i s r a t h e r r e s t r i c t e d i n i t s 
r e g i o n a l d i s t r i b u t i o n . "The known d i s t r i b u t i o n of t h e C o l t o n f o r m a t i o n 
i s r e s t r i c t e d t o t h e n o r t h e r n and w e s t e r n m a r g i n s of t h e Wasatch 
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P l a t e a u , t h e body of t h e Gunnison P l a t e a u , and t h e s o u t h e a s t e r n 
marg in of t h e V a l l e y Moun ta in s ( S p e i k e r , 1 9 4 9 , p . 3 4 ) . I n t h e Wasa tch 
P l a t e a u , t h e C o l t o n f o r m a t i o n i s o n l y e x p o s e d a t t h e b a s e of t h e 
Wasatch Monocl ine and i n t h e J o e ' s V a l l e y g r a b e n a t t h e h e a d of t h e 
Dragon ( S p e i k e r , 1 9 4 9 , p . 3 4 ) . I n o t h e r p o r t i o n s of t h e Wasa tch 
P l a t e a u , t h e C o l t o n f o r m a t i o n h a s been e r o d e d away. 
I n t h e a r e a of i n v e s t i g a t i o n , t h e C o l t o n f o r m a t i o n shows a 
g r e a t e r a r e a l e x t e n t t h a n any o f t h e o t h e r f o r m a t i o n s e x p o s e d . The 
C o l t o n f o r m a t i o n " c a p s t h e i n t e r f l u v i a t i l e d i v i d e d s from t h e 
" e a s t e r n " f r o n t of t h e p l a t e a u wes tward u n t i l t h e Green R i v e r f o r m a ­
t i o n c o n c e a l s i t " (Hunt , 1 9 4 8 , p . 5 2 - 5 3 ) . 
L i t h o l o g y and T h i c k n e s s 
The dominance of s h a l e and l i m e s t o n e c h a r a c t e r i z e s t h e C o l t o n 
f o r m a t i o n . S a n d s t o n e i s p r e v a l e n t n e a r t h e b a s e of t h e f o r m a t i o n . 
I n f a c t , i t i s h a r d t o d i s t i n g u i s h t h e s e l o w e r s a n d s t o n e b e d s from 
t h o s e wh ich a r e p r e s e n t i n t h e u p p e r p a r t of t h e F l a g s t a f f f o r m a t i o n 
( l i m e s t o n e ) . 
I n t h e t y p e l o c a l i t y t h e C o l t o n f o r m a t i o n i s composed m a i n l y of 
r e d s h a l e and s a n d s t o n e . The s a n d s t o n e s w e a t h e r s brown ( S p e i k e r , 
1 9 4 9 , p . 3 4 ) . 
I n t h e a r e a of t h i s r e p o r t , s h a l e makes u p t h e b u l k of t h e f o r m a ­
t i o n and i s h a r d and shows b l o c k y s t r u c t u r e . The s h a l e i s r e d , brown 
and g r a y i n c o l o r . T h i s c o l o r p a t t e r n i s a b s e n t i n t h e t y p e l o c a l i t y 
which l i e s t o t h e n o r t h e a s t of t h i s a r e a some 40 m i l e s away. F a r t h e r 
s o u t h i n t h e Gunnison Q u a d r a n g l e , t h e s h a l e of t h e C o l t o n f o r m a t i o n 
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shows a w i d e r spec t rum of c o l o r s . Here t h e s h a l e i s g r a y i s h - g r e e n , 
g r e e n , c h o c o l a t e - b r o w n , and p u r p l e , g i v i n g r i s e t o a more o r l e s s 
v a r i e g a t e d s e r i e s ( G i l l i l a n d , 1951> P . 3 * 0 . 
The l i m e s t o n e s y which c o n s t i t u t e t h e s u b o r d i n a t e q u a n t i t y of t h e 
C o l t o n f o r m a t i o n , show a g r e a t e r r ange of c o l o r s . They v a r y i n c o l o r 
from w h i t e t o d a r k g r a y . However, t h e l i g h t g r a y v a r i e t i e s form t h e 
b u l k of l i m e s t o n e c o n t e n t s of t h e who le f o r m a t i o n . These l i m e s t o n e s 
v a r y i n t e x t u r e from f i n e l y c r y s t a l l i n e t o l i t h o g r a p h i c , and a r e 
t r a c a b l e o v e r a l o n g d i s t a n c e w i t h o u t a n y change i n t h e i r l i t h o l o g y . 
S a n d s t o n e s which a r e p r e s e n t i n s m a l l e r a m o u n t s , m a i n l y r e p r e s e n t 
c h a n n e l d e p o s i t s and c o n s e q u e n t l y show t y p i c a l l e n t i c u l a r b e d d i n g which 
p i n c h e s o u t l a t e r a l l y . 
Hunt ( 1 9 4 9 , p . 53) d i v i d e d t h e C o l t o n f o r m a t i o n i n t o t h r e e d i s t i n c t 
u n i t s , which t h e p r e s e n t w r i t e r found h e l p f u l i n w o r k i n g o u t t h e 
l i t h o l o g y of t h e C o l t o n f o r m a t i o n and i d e n t i f y i n g i t from t h e o v e r l y i n g 
and u n d e r l y i n g f o r m a t i o n s . These u n i t s a r e : 
" 3 . S h a l e , r e d and g r a y , w i t h a few t h i n b e d s of l i m e ­
s t o n e . Many c h a n n e l s a n d s exposed 2 2 2 . 1 1 
" 2 . A l t e r n a t i n g b e d s of s h a l e and l i m e s t o n e 3 9 8 . 7 
" 1 . S a n d s t o n e , w i t h a few r e l a t i v e l y t h i n b e d s 
of s h a l e and l i m e s t o n e " 2 1 5 . 5 
T o t a l t h i c k n e s s 8 3 6 . 1 1 
I n t h e " U n i t 2 " t h i n " s t r e a k s " of c o a l o c c u r , t h e t h i c k e s t o n e s 
m e a s u r e s a b o u t 3 i n c h e s . " U n i t 1 " and " 2 " a r e s e p a r a t e d by a s a n d s t o n e 
bed which becomes s h a l y a t t o p . The s a n d s t o n e m e a s u r e s 112 f e e t . 
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The c o n t a c t of t h e U n i t 1 w i t h t h e U n i t 2 i s p l a c e d a t t h e t o p o f 
t h i s s a n d s t o n e . A 164 f e e t t h i c k bed w i t h a l t e r n a t i n g b e d s of s h a l e 
and l i m e s t o n e s e p a r a t e s " U n i t 2 " from " U n i t 3"» The t o p of t h i s b e d , 
w i t h a l t e r n a t i n g b e d s o f S h a l e and l i m e s t o n e , marks t h e c o n t a c t w i t h 
U n i t 3« 
The measu red t h i c k n e s s of t h e C o l t o n f o r m a t i o n i s 836 f e e t . 
T h i s t h i c k n e s s i s f a i r l y c o n s t a n t t h r o u g h o u t t h e a r e a . The f o l l o w i n g 
s e c t i o n , which was measured n e a r t h e h e a d of t h e s o u t h f o r k of 
Axehandle Canyon, g i v e s a d e t a i l e d d e s c r i p t i o n of t h e l i t h o l o g y 
of t h e C o l t o n f o r m a t i o n . 
S e c t i o n of t h e C o l t o n f o r m a t i o n n e a r t h e h e a d o f t h e s o u t h f o r k 
of Axehand le Canyon. 
F e e t I n c h e s 
F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) a t B a s e , c o n t a c t 
c o n f o r m a b l e 300 - 420 
S h a l e , r e d , s o f t , and b l o c k y a t b a s e becoming 
t a n i n c o l o r and c l a y e y i n u p p e r p a r t 54 6 
S a n d s t o n e , g r a y i s h b r o w n , medium t o f i n e g r a i n e d 
a n g u l a r t o s u b a n g u l a r g r a i n s , s l i g h t l y 
c a l c a r e o u s • • • • • • 2 6 
S h a l e , r e d , and f r i a b l e 10 
L i m e s t o n e , a r g i l l a c e o u s , s u r f a c e m o t t l e d , c l e a r 
q u a r t z g r a i n s s c a t t e r e d t h r o u g h o u t bed 4 5 
S h a l e , g r a y t o d a r k - g r a y , c l a y - l i k e s l i g h t l y 
c a l c a r e o u s i n l o w e r p a r t s , s a n d i n u p p e r o a r t s . 2 
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Flagstaff formation (limestone) at Base , contact 
conformable •••••••••••• • ••••• • • •• • •• • •• • • ••••• 300 - 420 
Shale, red, soft, and blocky at base becoming 
tan 1n color and clayey in upper part ••• •••••• 54 6 
Sandstone, grayish brown, medi um to fine grained 
angular to subangular grains , slightly 
calcareous • • • •••• • • •• ••••• •• •••• • ••• • • • • • ••••• 2 
Shale, red , and friable ••••• • • ••• ••• • • • ••••• •• ••• •• 10 
Limestone, argillaceous, surface mottled, clear 
quartz grains scattered throughout bed •• •• • •• • 
Shale, gray to dark- gray, clay- like slightly 




F e e t I n c h e s 
S a n d s t o n e , t a n t o b rown, c o a r s e g r a i n e d , sub a n g u l a r 
t o s u b - r o u n d e d g r a i n s . L e n t i c u l a r , p i n c h e s o u t 
i n e i t h e r d i r e c t i o n * « • « « . « « « e « « » • « • 4 6 
S h a l e , d a r k - g r a y t o b l a c k , c a r b o n a c e o u s m a t t e r 
c a l c a r e o u s t o a r g i l l a c e o u s l i m e s t o n e i n u p p e r 
p a r t ooocoooooooaeooooooo<>e9oe«eoeoeooo«e»ooo»»» 12 
S h a l e , d a r k - g r a y t o b l a c k , c a r b o n a c e o u s m a t t e r 
p r e s e n t , t h i n b e d s of b i t u m i n o u s c o a l . . . . . . . . . . 14 
S a n d s t o n e , t a n , m o t t l e d , medium g r a i n e d , a n g u l a r t o 
s u b - a n g u l a r g r a i n s , g r a d e s i n t o s h a l e upward . . . 1 1 2 
S h a l e , g r a y g r a n u l a r and s a n d y , f o s s i l i f e r o u s 55 
L imes tone and s h a l e , t h i n l y and a l t e r n a t e l y b e d d e d 
b e d d i n g m o s t l y e v e n . H i g h l y f o s s i l i f e r o u s . . . . . 32 10 
S h a l e and l i m e s t o n e , a l t e r n a t i n g b e d s , t h i n l y bedded 
r u s t y brown t o maroon s h a l e s , l i g h t - g r a y t o 
w h i t e l i m e s t o n e , w e a t h e r i n g t o t a n , brown and 
r u s t y brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3 6 6" 
S h a l e , brown and l i g h t r e d , g r a n u l a r , a 3 i n c h 
t h i c k bed of b i t u m i n o u s c o a l a t b a s e . . . . . . . . . . . 4 3 
L imes tone and s h a l e , l i m e s t o n e d o m i n a n t t h i n 
a l t e r n a t i n g b e d s o f s h a l e o c c u r w i t h 
c o m p a r a t i v e l y t h i c k e r b e d s of l i m e s t o n e , 
m o s t l y g r a y , t a n , b rown , and r e d i n c o l o r . . , . . , 1 7 0 
S h a l e , g r a y , t h i n l y bedded 10 
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F e e t I n c h e s 
L i m e s t o n e , g r a y t o d a r k g r a y , d e n s e , a l m o s t 
l i t h o g r a p h i c , w e a t h e r s t o b l a c k c o l o r 1 6 
Sha l e* g r a y , h a r d and compact i n l o w e r p a r t s , 
SOft i n UPPer P a r t S . e o a . . « . e . . a . . . 9 . . . « « « « . o . o . 20 
S a n d s t o n e , g r a y , f i n e t o medium g r a i n e d , 
a n g u l a r t o s u b - a n g u l a r , m i c a c e o u s . . . . . . . 6 
S h a l e , g r a y , b l o c k y . s o o . . . . . . . . . . . « . « . « . . « « . . . « . . . . « 26 
S a n d s t o n e , g r a y and t a n , f i n e g r a i n e d micaceous . . . . . 1 1 
L i m e s t o n e , g r a y t o g r e e n , dense and h a r d i n 
l o w e r p a r t becoming a r g i l l a c e o u s i n u p p e r p a r t . . 8 
L i m e s t o n e , d a r k g r a y t o b l a c k l i t h o g r a p h i c • • • • • 6 
S a n d s t o n e and s h a l e , brown and g r a y h a r d , m i c a c e o u s . 1 3 2 
L i m e s t o n e , g r a y i s h w h i t e , a l m o s t l i t h o g r a p h i c . . . . . . . 1 
S h a l e , g r a y and b rown, h a r d . . . . . . . . . . 2 
S h a l e and S a n d s t o n e , s h a l e g r a y t o b rown, h a r d , 
s a n d s t o n e g r a y t o d a r k g r a y , f i n e g r a i n e d . . . . . . 15 6 
L i m e s t o n e , l i g h t g r a y and w h i t e , l i t h o g r a p h i c 
w e a t h e r s t o d a r k g r a y 3 
S h a l e , g r a y , h a r d g r a n u l a r , w i t h a two f e e t l i m e s t o n e 
bed i n be tween • 27 3 
L i m e s t o n e , b l u i s h - g r a y , h a r d 2 
S h a l e , g r a y and brown . . . . . . . . . . . . . . . . . . . . . . . . . . o . * . . 9 10 
S a n d s t o n e , g r a y , l e n t i c u l a r • • 1 
S h a l e and s a n d s t o n e , g r a y and brown h a r d 
w e a t h e r s t o r u s t y brown 9 
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F e e t I n c h e s 
S a n d s t o n e , g r a y i s h - g r e e n , w e l l c e m e n t e d , 
a n g u l a r and e q u i g r a n u l a r 6 6 
S h a l e , g r a y , h a r d , w e a t h e r s t o g r e e n i s h - g r a y 
and d a r k g r a y . . . . . . • 16 8 
S a n d s t o n e , brown and g r a y , f r i a b l e 7 
S h a l e , brown and g r a y , s a n d y , h a r d • 3 
S h a l e , b r o w n i s h r e d , h a r d , m icaceous 10 
S a n d s t o n e , g r a y , r e d and b rown , f i n e g r a i n e d , 
m i c a c e o u s • • 12 
T o t a l t h i c k n e s s 836 1 1 
F r e s h w a t e r m o l l u s c o c c u r a b u n d a n t l y n e a r t h e t o p of t h e U n i t 1 . 
However , t h e s e a r e p o r r l y p r e s e r v e d . Among t h e i d e n t i f i a b l e o n e s a r e 
s e v e r a l s p e c i e s of Unio and H e l i x . R e e s i d e i d e n t i f i e d t h e C o l t o n 
f a u n a " a s member of t h e t r a d i t i o n a l Wasa tch f a u n a " ( S p e i k e r , 1 9 4 6 , p . 
1 3 9 ) . B e s i d e s Unio and H e l i x , which b e l o n g t o c l a s s P e l e c y p o d a and 
G a s t e r o p o d a r e s p e c t i v e l y , A r t h r o p o d s a r e r e p r e s e n t e d b y O s t r a c o d s 
which o c c u r i n a b u n d a n c e . G i l l i l a n d r e p o r t e d t h e a b u n d a n t o c c u r r e n c e 
of O s t r a c o d s i n a l i m e s t o n e b e d a b o u t 1 t o 5 f e e t t h i c k n e a r t h e b a s e 
of t h e f o r m a t i o n . 
V e r t e b r a t e s a r e r e p r e s e n t e d by b o n e f r a g m e n t s , t e e t h , and s c a l e s 
of f i s h . However , t h e s e o c c u r s p a r i n g l y i n t h e l i m e s t o n e s . G i l l i l a n d 
r e p o r t e d t h e o c c u r r e n c e of g a n o i d s c a l e s from t h e C o l t o n f o r m a t i o n 
i n t h e n o r t h e r n V a l l e y M o u n t a i n s . The s c a l e s were t e n t a t i v e l y 
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i d e n t i f i e d t o b e from f i s h b e l o n g i n g t o t h e f a m i l y L e p i d o s t e i d a e 
( G i l l i l a n d , 1 9 5 1 , P* 3 4 ) , 
R e l a t i o n t o A d j a c e n t F o r m a t i o n s 
I n t h e a r e a of t h i s r e p o r t , t h e u n d e r l y i n g F l a g s t a f f f o r m a t i o n 
( l i m e s t o n e ) wh ich forms s t e e p c l i f f s i s c o n f o r m a b l y s u c c e e d e d b y t h e 
C o l t o n f o r m a t i o n . The s t e e p c l i f f s g i v e way t o g e n t l e r s l o p e s mark ing 
t h e c o n t a c t be tween t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) and t h e C o l t o n 
f o r m a t i o n . 
The u p p e r c o n t a c t o f t h e C o l t o n f o r m a t i o n i s l i k e - w i s e c o n ­
f o r m a b l e . "At t h e u p p e r b o u n d a r y o f t h e " C o l t o n f o r m a t i o n . . . t h e 
r e d s h a l e c o n t r a s t s s t r i k i n g l y w i t h t h e n e a r l y w h i t e b e d s of t h e Green 
R i v e r f o r m a t i o n " (Hunt , 1 9 4 8 , p . 5 4 ) . T h e r e f o r e t h e Co l ton - Green 
R i v e r c o n t a c t was p l a c e d a t t h e t o p of t h e h i g h e s t o c c u r r i n g b e d 
of r e d s h a l e . 
I n a r e a s o t h e r t h a n t h e a r e a of t h i s r e p o r t t h e C o l t o n f o r m a t i o n 
h a s b e e n d i s c o v e r e d t o i n t e r t o n g u e w i t h b o t h t h e u n d e r l y i n g F l a g s t a f f 
f o r m a t i o n ( l i m e s t o n e ) and t h e o v e r l y i n g Green R i v e r f o r m a t i o n 
( t a b l e 2 ) . S p e i k e r ( 1 9 4 6 , p . 139) r e p o r t s a b u n d a n t e v i d e n c e of 
i n t e r t o n g u i n g of t h e C o l t o n f o r m a t i o n w i t h b o t h t h e Green R i v e r and 
t h e F l a g s t a f f i n t h e w e s t e r n d i s t r i c t s of t h e c e n t r a l U t a h . I n 
l a r g e p a r t s of t h e Gunnison P l a t e a u t h e C o l t o n f o r m a t i o n i s a p p a r e n t l y 
a b s e n t ( S p e i k e r , 1 9 4 6 , p . 1 3 9 ) , 
From t h e above s t a t e m e n t , i t i s e v i d e n t t h a t r e c o g n i t i o n of t h e 
C o l t o n f o r m a t i o n a s w e l l a s i t s d e v e l o p m e n t i n t h e a r e a of t h i s 
r e p o r t i s l o c a l i z e d , and t h e r e f o r e " t h e r e d s t r a t a of t h e C o l t o n r e ­
p r e s e n t " l o c a l o c c u r r e n c e s of a d i f f e r e n t e n v i r o n m e n t d u r i n g t h e 
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d e p o s i t i o n o f p a r t of t h e Green R i v e r " (Hun t , 1 9 4 8 , p„ 54,) , 
Age and C o r r e l a t i o n 
The f o s s i l c o l l e c t i o n s from t h e C o l t o n f o r m a t i o n have n o t y i e l d e d 
any s p e c i e s found e i t h e r i n t h e Nor th Horn f o r m a t i o n o r t h e F l a g s t a f f 
f o r m a t i o n ( l i m e s t o n e ) . T h e r e f o r e i t i s e v i d e n t t h a t t h e C o l t o n 
s t r a t a a r e of d i f f e r e n t age t h a n t h e N or th Horn and t h e F l a g s t a f f 
f o r m a t i o n s . T h i s l e a d s t o t h e c o n c l u s i o n t h a t t h e C o l t o n f o r m a t i o n 
i s of Eocene a g e . However , so f a r no c o n c l u s i v e p a l e o n t o l o g i c a l 
e v i d e n c e h a s been g a t h e r e d e i t h e r t o p r o v e t h e Co l ton f o r m a t i o n of 
Eocene age o r t o d i s p r o v e t h a t i t i s n o t o f Eocene age ( S p e i k e r , 
1 9 4 6 , p . 1 3 9 ) . 
The s t r a t i g r a p h i c a l e v i d e n c e s a r e l i k e w i s e d u b i o u s and u n c e r t a i n . 
No s u c c e s s i s a c h i e v e d i n a t t e m p t s which h a v e been made so f a r t o 
s o l v e t h i s d i f f i c u l t p r o b l e m . T h e r e f o r e i n a b s e n c e of a d e f i n i t e 
e v i d e n c e t h e o n l y c o n c l u s i o n a b o u t t h e age of t h e C o l t o n f o r m a t i o n 
wh ich can be drawn i s t h a t i t i s of Eocene a g e . 
The C o l t o n f o r m a t i o n i s p a r t i a l l y c o r r e l a t a b l e w i t h t h e K n i g h t 
f o r m a t i o n of t h e s o u t h w e s t e r n Wyoming, and w i t h t h e Sand Cou lee and 
t h e Gray B u l l of t h e Big Horn B a s i n , Wyoming (Wood and o t h e r , 1 9 4 1 , 
p l a t e 1 ) . 
GREEN RIVER FORMATION 
D e f i n i t i o n and Type L o c a l i t y 
The t e rm Green R i v e r was f i r s t u s e d b y Hayden i n 1869 t o d e s c r i b e 
a new g r o u p of r o c k s from a l o c a l i t y l y i n g a l i t t l e e a s t o f Rock 
S p r i n g s t a t i o n i n Wyoming ( I 8 6 9 , p . 9 0 ) . 
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At t h e t y p e l o c a l i t y , t h e Green R i v e r f o r m a t i o n " i s composed o f 
t h i n l y l a m i n a t e d c h a l k y s h a l e s ^ , . . They a r e e v i d e n t l y of p u r e l y 
f r e s h - w a t e r o r i g i n , and of m i d d l e t e r t i a r y " ( T e r t i a r y ) " a g e . The 
l a y e r s a r e n e a r l y h o r i z o n t a l ^ , and* a s shown i n t h e V a l l e y of Green 
R i v e r , p r e s e n t a p e c u l i a r l y banded a p p e a r a n c e " (Hayden, 1 8 6 9 , p . 9 0 - 9 1 ) . 
S i n c e 1 8 6 9 , t h e s e l a m i n a t e d c h a l k y s h a l e s have b e e n s t u d i e d , 
and d e s c r i b e d " o v e r l a r g e a r e a s of %-oming, C o l o r a d o , and Utah 
( G i l l i l a n d , 1 9 5 1 , P* 3 8 ) . 
R e f i n e m e n t of t h e g e o l o g i c a l a g e , s t r a t i g r a p h i c r e l a t i o n s h i p s , 
and c o r r e l a t i o n of t h e Green R i v e r f o r m a t i o n h a s b e e n a c h i e v e d b y 
many e a r l y w o r k e r s . Among t h e s e w o r k e r s Cope ( 1 8 7 4 , p . 4 3 5 - 4 4 4 ) , 
P e a l e ( 1 8 7 6 , p . 1 4 8 ) , King ( 1 8 7 6 , map 2 ) , and B r a d l e y (1930 , p . 8 7 - 1 1 0 , 
and 1 9 3 1 , P« 1 -56) have c o n t r i b u t e d a g r e a t d e a l of v a l u a b l e i n f o r m a t i o n 
c o n c e r n i n g t h e Green R i v e r f o r m a t i o n . 
D i s t r i b u t i o n 
The Green R i v e r f o r m a t i o n i s e x t e n s i v e l y d i s t r i b u t e d and i t s 
d i s t r i b u t i o n r o u g h l y c o i n c i d e s " w i t h t h e two i n t e r i o r b a s i n s , s e p a ­
r a t e d b y t h e U i n t a M o u n t a i n s , i n which t h e d e p o s i t i o n t o o k p l a c e " 
( G i l l i l a n d , 1 9 5 1 , P» 3 8 ) . These two i n t e r i o r b a s i n s were named a s 
G o s i u t e Lake i n n o r t h and U i n t a Lake i n s o u t h b y King ( I 8 7 8 , p . 446) 
and B r a d l e y (1930 , p . 8 8 ) r e s p e c t i v e l y . 
The G o s i u t e Lake ( K i n g , I 8 7 8 , p . 4 4 6 ) o c c u p i e d t h e s o u t h w e s t e r n 
Wyoming, w h e r e a s t h e s o u t h e r n b a s i n of U i n t a Lake ( B r a d l e y , 1 9 3 0 , 
p . 88) e x t e n d e d a s f a r a s e a s t - c e n t r a l Utah and n o r t h w e s t e r n C o l o r a d o . 
The w e s t e r n l i m i t of t h e U i n t a Lake was p l a c e d by B r a d l e y ( 1 9 3 0 , p . 8 8 ) 
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h a l f way b e t w e e n P r i c e and Prove-, however G i l l i l a n d ( 1 9 5 1 , P» 38) 
d e s c r i b e d t h e Green R i v e r f o r m a t i o n ' s o u t c r o p from s o u t h e r n Utah 
a s f a r a s Gunnison Quadrangle - "The r e c o g n i t i o n of" t h e Green R i v e r 
s t r a t a i n t h e Gunnison Quadrang le e x t e n d s t h e l i m i t s of B r a d l e y ' s 
U i n t a Lake ( 1 9 3 0 , p« 8 8 ) t o a s f a r s o u t h w e s t a s 75 m i l e s ( G i l l i l a n d s , 
1 9 5 1 , P* 3 8 ) • 
"Hie Green R i v e r f o r m a t i o n i s a b s e n t from t h e t o p of t h e Wasatch 
P l a t e a u a s i s t h e C o l t o n f o r m a t i o n , b u t i s e x p o s e d a t t h e l o w l y i n g 
c u e s t a s a t t h e b a s e of t h e Wasa tch Monoc l ine i n t h e S a n p e t e V a l l e y " 
(Hun t , 1 9 4 8 , p . 6 l ) . I t i s e x t e n s i v e l y exposed i n t h e Gunnison 
P l a t e a u p a r t i c u l a r l y t h e c e n t r a l p a r t o f t h e p l a t e a u , and i n t h e 
Cedar H i l l s . 
I n t h e a r e a of t h i s r e p o r t t h e Green R i v e r f o r m a t i o n c r o p s o u t 
on t h e h i g h e s t p o i n t s of t h e p l a t e a u and fo rms t h e main e a s t - w e s t 
d r a i n a g e d i v i d e (Hunt , 1 9 4 8 , p . 6 l ) . 
L i t h o l o g y and T h i c k n e s s 
I n t h e a r e a of t h i s r e p o r t , t h e Green R i v e r f o r m a t i o n i s c h a r a c t e r ­
i z e d b y two t y p e s of l i t h o l o g i e s i . e . , l i m e s t o n e s and s h a l e s . The 
e n t i r e f o r m a t i o n c o n s i s t s of v e r y e v e n l y and t h i n l y bedded l a c u s t r i n e 
e l a s t i c s and n o n - c l a s t i c s r o c k s c h i e f l y l i m e s t o n e and s h a l e . 
The l i m e s t o n e s p r e s e n t i n t h e Green R i v e r f o r m a t i o n show v e r y 
f a i n t s h a d e s of g r a y and t a n c o l o r . However , t h e whole f o r m a t i o n 
i s c h a r a c t e r i z e d b y a w h i t e c o l o r on w e a t h e r e d s u r f a c e s . These w e a t h e r 
t o s l i g h t l y y e l l o w i s h h u e . These l i m e s t o n e s a r e d e n s e , h a r d , f i n e l y 
c r y s t a l l i n e t o n o n - c r y s t a l l i n e and t h i n l y b e d d e d . I n t e r b e d d e d w i t h 
t h e s e l i m e s t o n e b e d s a r e b e d s of o o l i t i c l i m e s t o n e . 
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I n some of t h e d e n s e and f i n e l y c r y s t a l l i n e l i m e s t o n e b e d s , a r e 
i n c l u d e d s m a l l and s p a r k l i n g g r a i n s of q u a r t z . 
The s h a l e v a r i e s from w h i t e t o l i g h t - g r a y i n c o l o r and a r e v e r y 
h a r d and show b l o c k y s t r u c t u r e 0 The b l o c k y c h a r a c t e r i s t i c of t h e s e 
s h a l e s i s n o t c o n f i n e d t o a n y p a r t i c u l a r s t r a t i g r a p h i c l e v e l and i s 
r e p e a t e d t h r o u g h o u t t h e s e c t i o n ( s e e s e c t i o n on p . 6 0 ) . 
The abundance of smoky q u a r t z g r a i n s g i v e s an o v e r a l l s p o t t e d 
a p p e a r a n c e t o t h e r o c k . The abundance of q u a r t z g r a i n s i n t h e Green 
R i v e r f o r m a t i o n i s i n d i c a t i v e of t h e p r e v a l e n c e of e x p l o s i v e v o l c a n i c 
a c t i v i t y c o n t e m p o r a n e o u s w i t h t h e d e p o s i t i o n of t h e Green R i v e r forma 
t i o n . I n f a c t , i n t h e u p p e r p a r t o r n e a r t h e t o p of t h e f o r m a t i o n , 
l a v a f l o w s of f e l s i t i c c o m p o s i t i o n o c c u r . These f l o w s a r e m a s s i v e , 
c o n s e q u e n t l y no f l o w s t r u c t u r e i s d i s c e r n a b l e . The f e l s i t e i s com­
p o s e d o f a l i g h t - g r a y a p h i n i t i c g round m a s s , i n which o c c u r numerous 
s m a l l b l a c k p h e n o c r y s t s of p o s s i b l y a f e r r o m a g n e s i a n m i n e r a l , most 
p r o b a b l y h o r n b l e n d e and b i o t i t e . 
G i l l i l a n d h a s r e p o r t e d g r e e n t u f f b e d s from t h e n o r t h e r n l i m i t s 
of t h e Gunnison Q u a d r a n g l e . A n o t h e r t u f f bed w i t h a b u n d a n t b i o t i t e 
c r y s t a l o v e r l i e s t h e g r e e n i s h g r a y s h a l e s a b o u t 2 £ m i l e s e a s t of 
Gunnison ( 1 9 5 1 - P» 3 9 ) . I t i s s u g g e s t e d t h a t t h e t u f f b e d s may 
c o r r e l a t e w i t h some of t h o s e which were o b s e r v e d by F a u l k (1948) i n 
t h e Green R i v e r , n o r t h of Mant i ( G i l l i l a n d , 1 9 5 1 , p . 3 9 ) . 
I n t h e Gunnison Q u a d r a n g l e t h r e e d i s t i n c t l i t h o l o g i c z o n e s of 
t h e Green R i v e r f o r m a t i o n s a r e r e c o g n i z a b l e , 
( 1 ) "A b a s a l zone of l i m e s t o n e o r l i m e s t o n e and s h a l e " . 
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( 2 ) "A m i d d l e zone of g r e e n o r g r e e n i s h - g r a y s h a l e , and tt 
( 3 ) II an u p p e r zone of l i m e s t o n e , t h a t i s u s u a l l y y e l l o w 
and t h i n l y l a m i n a t e d t o mas s i ve " ( G i l l i l a n d , 1 9 5 1 , 
p . 3 9 ) . 
The zone 1 i s l e a s t d e v e l o p e d i n t h e Gunnison Q uad r ang l e and i s 
l o c a l l y m i s s i n g i n t h e V a l l e y Moun ta in s and i n l a r g e r p a r t s of t h e 
e a s t e r n p o s i t i o n of Q u a d r a n g l e , Whereas t h e two h i g h e r z o n e s g i v e 
r i s e t o numerous c u e s t a s and h o g b a c k s ( G i l l i l a n d , 1 9 5 1 , P . 3 9 ) . 
These c u e s t a s and h o g b a c k s a r e o b s e r v e d i n be tween F a y e t t e and 
Redmond. The more r e s i s t a n t t h i n l i m e s t o n e of zone 3 c a p s t h e s e 
c u e s t a s and h o g b a c k s . 
G i l l i l a n d zone 1 i s c o r r e l a t a b l e w i t h t h e Green R i v e r f o r m a t i o n 
e x p o s e d i n t h e a r e a of t h i s r e p o r t a t l e a s t on t h e b a s i s of l i t h o l o g y . 
F o r a p r e c i s e c o r r e l a t i o n and e s t a b l i s h m e n t of c o r r e c t r e l a t i o n s h i p s 
d e t a i l p a l e o n t o l o g i c work i s r e q u i r e d . The f o r m a t i o n i s r i c h b o t h i n 
f a u n a l and f l o r a l r e m n a n t s of p a s t l i f e . B r a d l e y ( 1 9 3 1 , p . 1 - 5 6 ) , 
h a s d e s c r i b e d m i c r o f o s s i l s of t h e o i l s h a l e o f t h e Green R i v e r 
f o r m a t i o n . The f o s s i l s , p a r t i c u l a r l y t h e m i c r o f o s s i l s a r e w e l l 
p r e s e r v e d and p r o v i d e g r e a t o p p o r t u n i t i e s f o r p r e c i s e and d e t a i l e d 
w o r k s . 
G i l l i l a n d ( 1 9 5 1 , P« 39) r e p o r t e d a t o t a l t h i c k n e s s of 1150 
f e e t of t h e Green R i v e r f o r m a t i o n i n Ba ld K n o l l Canyon and 500 
t o 600 f e e t i n t h e V a l l e y M o u n t a i n s . 
I n t h e a r e a of t h i s r e p o r t , e r o s i o n h a s a p p a r e n t l y removed t h e 
u p p e r p o r t i o n of t h e Green R i v e r f o r m a t i o n and t h e r e f o r e no f i g u r e s 
a b o u t t h e t o t a l t h i c k n e s s o f t h e Green R i v e r a r e r e p o r t e d . However , 
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a s e c t i o n of t h e Green R i v e r f o r m a t i o n measured n e a r t h e h e a d o f 
t h e s o u t h f o r k o f Axehand le Canyon y i e l d e d a t h i c k n e s s of 520 f e e t . 
S e c t i o n of t h e Green R i v e r f o r m a t i o n measured n e a r t h e h e a d o f 
t h e s o u t h f o r k of Axehandle Canyon. 
F e e t I n c h e s 
L i m e s t o n e , g r a y , d e n s e , non c r y s t a l l i n e t o 
l i t h o g r a p h i c • • 1 6 
S h a l e , r e d , a r e n a c e o u s • 10 3 
L i m e s t o n e , l i g h t - g r a y t o g r a y i s h w h i t e , n o n ­
c r y s t a l l i n e t o l i t h o g r a p h i c 8 
S h a l e , g r a y i s h g r e e n , a r e n a c e o u s 2 2 
l i m e s t o n e , d e n s e , h a r d , f i n e l y c r y s t a l l i n e 1 6 
S h a l e , g r a y , b l o c k y 6 3 
S h a l e , g r a y , h a r d , s i l t y a t b a s e 1 1 6 
L i m e s t o n e , g r a y i s h w h i t e , l i t h o g r a p h i c 1 6 
S i l t s t o n e , g r a y i s h b r o w n , p o o r l y cemen ted 1 3 2 
L i m e s t o n e , g r a y t o g r a y i s h b l u e , m a s s i v e 5 5 
S i l t , m o t t l e d 10 6 
L i m e s t o n e , g r a y t o b u f f , f o s s i l i f e r o u s n e a r b a s e 
m a s s i v e , d e n s e 90 2 
L i m e s t o n e , g r a y , f i n e l y c r y s t a l l i n e t o l i t h o g r a p h i c . 10 6 
S h a l e , m o t t l e d • 20 8 
L i m e s t o n e , g r a y , h a r d , n o n - c r y s t a l l i n e 5 3 
S h a l e , g r a y , b l o c k y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 3 
L i m e s t o n e , w h i t e t o g r a y , c h a l k y , f o s s i l i f e r o u s 
          
   Axeha     feet.
           
   Axehan  .
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F e e t I n c h e s 
f i s h s c a l e s ( c y c l o i d and c t e n o i d ) , f r a g m e n t s 
of bone ( f i s h ? ) 48 6 
S h a l e s g r a y m o t t l e d ^ h a r d e » s « » « • • « * « < • « « > » • * 3 5 6 
F e l s i t e p o r p h y r y , l i g h t t a n g round mass a b u n d a n t b i o t i t e 
p h e n o c r y s t s • • 40 6 
S h a l e , g r a y , s o f t , and f r i a b l e 19 
L i m e s t o n e , t a n , f i n e l y c r y s t a l l i n e t o n o n - c r y s t a l l i n e , 
m a s s i v e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 6 
S h a l e s , d a r k g r a y t o b l a c k , b l o c k y , c a l c a r e o u s 
n e a r t o p • • • < . . o • • 32 6 
L i m e s t o n e , b u f f t o t a n , n o n - c r y s t a l l i n e t o 
f i n e l y c r y s t a l l i n e 2 6 
S h a l e , g r a y i s h - b r o w n , v a r v e d , h a r d , a b u n d a n t 
p l a n t f o s s i l s • • • • 8 3 
L i m e s t o n e , b u f f , t a n and g r a y , d e n d r i t e s t a i n s , 
t h i n b e d d e d , w e a t h e r t o w h i t e 16 6 
S h a l e , b rown , s o f t 28 3 
L imes tone w h i t e , h a r d , d e n s e , o o l i t i c i n 
n e a r t o p ( o t o l i t h s ? a b u n d a n t ) 38 6 
L i m e s t o n e , g r a y , n o n - c r y s t a l l i n e t o f i n e l y 
c r y s t a l l i n e , s andy n e a r b a s e 4 6 
L imes tone and s h a l e t h i n l y i n t e r b e d d e d , 
p a r t i a l l y c o v e r e d b y d e b r i s 42 10 
T o t a l t h i c k n e s s 520 1 
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R e l a t i o n t o A d j a c e n t f o r m a t i o n 
The Green R i v e r f o r m a t i o n c o n f o r m a b l y o v e r l i e s t h e C o l t o n f o r m a ­
t i o n . However , t h e r e i s e v i d e n c e t h a t " t h e l o w e r s t r a t a of t h e Green 
R i v e r f o r m a t i o n p a s s t r a n s i t i o n a l l y i n t o t h e r e d b e d s o f t h e C o l t o n 
f o r m a t i o n " ( G i l l i l a n d , 1 9 5 1 , p . 3 9 ) . 
I n t h e a r e a of t h i s r e p o r t , t h e Green R i v e r i s t h e y o u n g e s t 
f o r m a t i o n and t h u s i s n o t o v e r l a i n b y a n o t h e r f o r m a t i o n . As i t o c c u r s 
a t t h e h i g h e s t p o i n t s of t h e a r e a , i t i s n o t found i n c o n t a c t w i t h t h e 
Q u a t e r n a r y d e p o s i t s . E l s e w h e r e , t o t h e e a s t and s o u t h of t h e 
Gunnison P l a t e a u , a p o s t - G r e e n R i v e r f o r m a t i o n , t h e C r a z y Ha l low 
o v e r l i e s t h e Green R i v e r f o r m a t i o n , h o w e v e r , i t was n o t r e c o g n i z e d 
i n t h e a r e a of t h i s r e p o r t . 
Age and C o r r e l a t i o n 
The Green R i v e r f o r m a t i o n h a s y i e l d e d numerous p l a n t and a n i m a l 
f o s s i l s . I n t h e a r e a of i n v e s t i g a t i o n , t h e Green R i v e r f o r m a t i o n 
y i e l d e d f i s h s c a l e s ( b o t h c y c l o i d and c t e n o i d ) and v a r i o u s bone 
f r a g m e n t s . The f i s h s c a l e s o c c u r a b u n d a n t l y ± i t h i n l y bedded l i m e s t o n e 
wh ich o c c u r n e a r t h e t o p of t h e f o r m a t i o n . 
On t h e b a s i s of numerous p l a n t and a n i m a l f o s s i l s found e l s e w h e r e 
i n t h e Green R i v e r f o r m a t i o n , i t h a s b e e n p r o v e d beyond d o u b t t h a t t h e 
Green R i v e r r e p r e s e n t s d e p o s i t i o n d u r i n g Eocene t i m e s , more p r e c i s e l y 
d u r i n g m i d d l e Eocene t i m e . The i n t e r t o n g u i n g of t h e Green R i v e r 
f o r m a t i o n w i t h t h e C o l t o n and F l a g s t a f f f o r m a t i o n s p o s e s some prob lem 
i n a s c e r t a i n i n g t h e e x a c t age of a l l p a r t s of t h e f o r m a t i o n and i t 
i s v e r y l i k e l y t h a t t h e Green R i v e r f o r m a t i o n h a s a r e g i o n a l l y 
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I t was p o i n t e d o u t e a r l i e r t h a t t h e Gunnison P l a t e a u l i e s i n t h e 
t r a n s i t i o n a l zone b e t w e e n t h e B a s i n and Range P r o v i n c e and t h e Co lo rado 
P l a t e a u p r o v i n c e . Hence t h e Gunnison P l a t e a u c o n t a i n s s t r u c t u r a l 
c h a r a c t e r i s t i c s of b o t h t h e G r e a t B a s i n and t h e Co lo rado P l a t e a u 
p r o v i n c e s . 
The o v e r - a l l s t r u c t u r e of t h e Gunnison P l a t e a u i s a b r a o d s y n c l i n e 
whose e a s t e r n l i m b i s o v e r t u r n e d . Schof f ( 1 9 3 7 , p . 1 4 0 ) , and S p e i k e r 
( 1 9 ^ 9 , p . 77) b o t h c a r r i e d o u t i n v e s t i g a t i o n s i n t h e Gunnison P l a t e a u 
a r e a and have c o n f i r m e d t h e s y n c l i n a l s t r u c t u r e of t h e Gunnison 
P l a t e a u . A d r i v e t h r o u g h Wales -Levan r o a d p r o v i d e s an u n i q u e o p p o r ­
t u n i t y t o o b s e r v e t h e s y n c l i n a l s t r u c t u r e . I n t h e words of S p e i k e r 
( 1 9 4 9 , p . 7 7 ) t h e main body of t h e Gunnison P l a t e a u M i s a s o l i d 
s y n c l i n e i n t h e m a s s i v e I n d i a n o l a c o n g l o m e r a t e s , f l a n k e d t o e a s t and 
w e s t by more i n t r i c a t e s t r u c t r e " , A c o m p a r i s o n of t h e e a s t e r n f r o n t 
w i t h t h e w e s t e r n f r o n t of t h e p l a t e a u w i l l r e v e a l t h a t t h e e a s t e r n 
f r o n t i s s t r u c t u r a l l y more complex and shows a h i g h d e g r e e of d e f o r ­
m a t i o n . 
The d i s c u s s i o n of t h e s t r u c t u r e of t h e e n t i r e p l a t e a u i s o u t 
of p l a c e and beyond t h e scope of t h i s r e p o r t . However, t h e s t r u c t u r e 
of t h e a r e a where t h e w r i t e r c a r r i e d o u t i n v e s t i g a t i o n s i s t r e a t e d 
h e r e i n d e t a i l , a l t h o u g h t h e a r e a i t s e l f c o n s t i t u t e s a s m a l l p o r t i o n 
of t h e p l a t e a u . 
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F o r t h e sake of c o n v e n i e n c e i t i s t h o u g h t s u i t a b l e t o d i s c u s s 
t h e s t r u c t u r e of t h e a r e a u n d e r two s u b - h e a d i n g s . The e x t r e m e s t r u c t ­
u r a l c o m p l e x i t y of t h e f r o n t and t h e a r e a immedia t e t o i t on one h a n d 
and t h e e x t r e m e s t r u c t u r a l s i m p l i c i t y o f t h e i n t e r i o r of t h e a r e a on 
t h e o t h e r hand demands a s e p a r a t e d i s c u s s i o n of e a c h , 
A, The i n t e n s e l y f o l d e d and f a u l t e d e a s t e r n 
p l a t e a u f r o n t and a r e a s i m m e d i a t e l y a d j a c e n t t o i t , 
B, The i n t e r i o r of t h e p l a t e a u , c h a r a c t e r i z e d 
b y low d i p p i n g t o a l m o s t f l a t - l y i n g s t r a t a wh ich have b e e n 
o n l y s u b j e c t e d t o h i g h a n g l e n o r m a l f a u l t i n g and 
b r o a d open s y n c l i n e a l f o l d i n g , 
A, The p l a t e a u f r o n t and a r e a s i m m e d i a t e l y a d j a c e n t t o i t , 
a . A t t i t u d e of t h e s t r a t a . 
The f r o n t of t h e p l a t e a u r e p r e s e n t s a b e l t of i n t e n s e l y d i s ­
t u r b e d s t r a t a . The b e d s e x p o s e d a l o n g t h e f r o n t and a d j a c e n t t o i t 
d i p t oward t h e main body of t h e p l a t e a u i . e . , t o t h e w e s t . These 
b e d s r i s e g r a d u a l l y from t h e i n t e r i o r o f t h e p l a t e a u and t e r m i n a t e 
a b r u p t l y a t i t s e a s t e r n l i m i t . 
The e n t i r e f r o n t shows a g r e a t e r v a r i a t i o n i n s t r u c t u r e from 
Canyon t o Canyon. I n some c a n y o n s ' ft© s t r u c t u r a l c o m p l e x i t i e s a r e 
o b s e r v e d , Whi le i n some, l i k e Dry Canyon, g r e a t e r s t r u c t u r a l 
f e a t u r e s a r e d i s c e r n a b l e . 
Nor th of Coa l Canyon t h e Nor th Horn and F l a g s t a f f s t r a t a a r e 
s een t o r i s e g e n t l y from t h e i n t e r i o r o f t h e p l a t e a u . These s t r a t a 
c o n t i n u e t o r i s e a t t a i n i n g h i g h e r d i p s and f i n a l l y t e r m i n a t i n g 
i n t o a " b u l k y " p r o m o n t o r y known a s " t h e P o i n t of t h e M o u n t a i n " 
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( S p e i k e r , 1 9 4 9 , p . 2 9 ) . I n Coal Canyon i t s e l f , t h e s t r a t a wh ich 
r i s e g e n t l y from t h e i n t e r i o r of t h e p l a t e a u a l m o s t assume a v e r t i c a l 
a t t i t u d e . These s t r a t a of t h e Nor th Horn f o r m a t i o n a r e s een t o o v e r l i e 
t h e I d i a n o l a c o n g l o m e r a t e « The r e l a t i o n s h i p i s t h a t of a n g u l a r 
d i s c o r d a n c e o However , i t i s d i f f i c u l t t o a s c e r t a i n w h e t h e r t h e 
c o n t a c t i s s i m p l y an u n c o n f o r m a b l e one o r t h e p r o x i m i t y of t h e 
two f o r m a t i o n s i s t h e r e s u l t of t h e f a u l t i n g . The I n d i a n o l a c o n ­
g l o m e r a t e s d i p 4 5 d e g r e e s t o w a r d t h e n o r t h e a s t . I t i s n o t e w o r t h y 
t h a t e l s e w h e r e i n t h e a r e a , t h e N o r t h Horn f o r m a t i o n e i t h e r o v e r l i e s 
t h e T w i s t Gulch f o r m a t i o n o r t h e P r i c e R i v e r f o r m a t i o n . T h i s i n d i c a t e s 
t h a t t h e c o n t a c t b e t w e e n t h e Nor t h Horn and t h e I n d i a n o l a i s 
p r o b a b l y u n c o n f o r m a b l e and n o t due t o f a u l t i n g ( f i g . 4 , 5 , and p i . 2 ) 
s e e AA*, BB» and C C 1 ) . 
Between Coal Canyon and Axehandle Canyon, an a n g u l a r u n c o n f o r m i t y 
i s p r e s e n t s e p a r a t i n g t h e o v e r l y i n g N o r t h Horn f o r m a t i o n from t h e 
u n d e r l y i n g T w i s t Gulch f o r m a t i o n . In t h e s e two Canyons , most of t h e 
T w i s t Gulch f o r m a t i o n i s c o v e r e d by d e b r i s from t h e o v e r l y i n g f o r m a ­
t i o n s , n e v e r t h e l e s s i t s o u t c r o p s c o n t i n u e a l o n g t h e n o r t h e r n b o u n d a r y 
of t h e e a s t e r n e x t e n s i o n of t h e f r o n t , b e t w e e n Axehand le Canyon t o 
n o r t h and Rock Creek t o s o u t h ( p i 1 ) . F a r t h e r s o u t h - e a s t of Axehand le 
Canyon i t p a s s e s u n d e r a l l u v i u m and i s a l s o d o w n f a u l t e d ( f i g . 5 and 
p i . 2 s e c . BB')» • 
At t h e e a s t e r n most e x t r e m i t y of t h e e x t e n s i o n of t h e p l a t e a u 
f r o n t b e t w e e n Axehand le Canyon t o n o r t h and Rock Creek t o s o u t h , t h e 
Nor th Horn f o r m a t i o n and I n d i a n o l a f o r m a t i o n s a r e e x p o s e d . Here t h e 
r e l a t i o n s h i p a p p e a r s t o be t h e same a s t h a t o b s e r v e d n o r t h of Coa l Canyon. 
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The s t r a t a exposed i n b e t w e e n Dry Canyon and t h e s o u t h e r n end 
of t h e t h e s i s a r e a show t h e same a t t i t u d e a s o b s e r v e d i n Axehand le 
and Coa l Canyons . I m m e d i a t e l y s o u t h o f Dry Canyon a m a s s i v e s t e e p 
c l i f f of t h e P r i c e R i v e r f o r m a t i o n l y i n g b e t w e e n t h e T w i s t Gulch 
and t h e N o r t h Horn f o r m a t i o n r i s e s g e n t l y from t h e i n t e r i o r of t h e 
p l a t e a u and t e r m i n a t e s a t t h e end of t h e p l a t e a u f r o n t w i t h an a b r u p t 
change i n d i p . Here t h e P r i c e R i v e r s t r a t a assumes a v e r t i c a l a t t i t u d e . 
The T w i s t Gulch f o r m a t i o n i s exposed a l o n g t h e b a s e of t h e 
p l a t e a u f r o n t b e t w e e n Dry Canyon and t h e s o u t h e r n end of t h e t h e s i s 
a r e a . He re i t shows g r e a t e r t h i c k n e s s and d i p s s t r o n g l y t oward t h e 
e a s t ( p i . 1 ) . 
b . F a u l t s . 
The mos t s t r i k i n g s t r u c t u r a l f e a t u r e s of t h e a r e a o f i n v e s t i g a t i o n 
a r e many f a u l t s which t r a v e r s e t h e a r e a b o t h from e a s t t o w e s t and 
n o r t h t o s o u t h . However , t h e e a s t - w e s t s t r i k i n g f a u l t s a r e more 
p r o m i n e n t t h a n t h e n o r t h - s o u t h s t r i k i n g f a u l t s . 
Two d i s t i n c t s e t s o f f a u l t s a r e p r e s e n t i n t h e t h e s i s a r e a . 
The ma jo r o r p r i n c i p a l s e t t r e n d s a p p r o x i m a t e l y N 85 W and a c r o s s 
t h e p l a t e a u . The o t h e r minor s e t t r e n d s N 15 3 a p p r o x i m a t e l y p a r a ­
l l e l t o t h e p l a t e a u f r o n t . 
Nor t h of Axehandle Canyon no major s t r u c t u r a l f e a t u r e s a r e 
p r e s e n t . However, s o u t h of Axehandle Canyon, t h e e n t i r e p l a t e a u 
f r o n t shows s t r u c t u r a l c o m p l e x i t i e s . 
I m m e d i a t e l y s o u t h of Axehand le Canyon t h e p l a t e a u f r o n t e x t e n d s 
t oward e a s t i n t o t h e S a n p e t e V a l l e y . T h i s e a s t w a r d e x t e n s i o n of t h e 
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p l a t e a u f r o n t i n b e t w e e n Axehandle Canyon and Rock Creek i s t h e 
r e s u l t of a s e r i e s o f h i g h a n g l e s t e p f a u l t s ( f i g . 5 and p i , 2 ) . 
These f a u l t s s t r i k e a p p r o x i m a t e l y N 15 E i n an a r c u a t e manner p a r a l l e l 
t o t h e a x i s of a minor f e l d * and d i p away from t h e p o i n t t oward S a n p e t e 
V a l l e y , S i m i l a r l y t r e n d i n g minor f a u l t s a r e p r e s e n t f a r t h e r s o u t h of 
Dry Canyon ( p , l ) . However , b e c a u s e of t h e i r c o n f i n e m e n t i n t h e T w i s t 
Gulch f o r m a t i o n n o t much a r e a l e x t e n t and v e r t i c a l d i s p l a c e m e n t i s 
i n v o l v e d , 
G i l l i l a n d (195-L* P . 6 0 - 6 l ) , r e p o r t e d s i m i l a r l y t r e n d i n g s e t 
of f a u l t s f rom t h e V a l l e y M o u n t a i n s , Gunn i son q u a d r a n g l e . However , 
i n t h e V a l l e y Moun ta in s t h e NE s t r i k i n g f a u l t s a r e t h e major s t r u c t u r a l 
f e a t u r e s , I/dhereas i n t h e a r e a i n v e s t i g a t e d , t h e N 15 E t r e n d i n g 
f a u l t s form a minor s t r u c t u r a l f e a t u r e , u n l e s s t h e e n t i r e e a s t e r n 
f r o n t of t h e Gunnison P l a t e a u i s t h e outcome of f a u l t i n g . I n S p e i k e r * s 
o p i n i o n a ramp t y p e t h r u s t s t r u c t u r e , which c a u s e d t h e Gunn i son 
P l a t e a u t o assume i t s p r e s e n t day p o s i t i o n above t h e S a n p e t e V a l l e y , 
e x i s t s , b u t i s h i d d e n b y a l l u v i u m (Hunt , 1 9 4 8 , p , 8 1 ) , 
Between e a s t e r n e x t e n s i o n of t h e p l a t e a u f r o n t and t h e Rock Creek 
two h i g h a n g l e n o r m a l f a u l t s s t r i k i n g a p p r o x i m a t e l y e a s t - w e s t a r e 
e a s i l y r e c o g n i z e d . These f a u l t s a r e t h e n o r t h e r n b o u n d a r y f a u l t s 
of t h e "Dry Canyon g r a b e n " . The f a u l t s d i p t oward t h e g r a b e n . These 
f a u l t s t o g e t h e r w i t h t h e o t h e r e a s t - w e s t s t r i k i n g f a u l t s c o n s t i t u t e 
t h e o t h e r p r o m i n e n t s e t of f a u l t s s t r i k i n g a p p r o x i m a t e l y N 85 W, These 
f a u l t s have f a u l t e d t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) down t o t h e 
l e v e l of t h e Canyon f l o o r . Nor th of t h e s e f a u l t s , t h e F l a g s t a f f 
f o r m a t i o n ( l i m e s t o n e o c c u p i e s h i g h e r a l t i t u d e s a l o n g t h e f r o n t . 
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South of Dry Canyon, two h i g h ancrle no rma l f a u l t s s t r i k i n g 
a p p r o x i m a t e l y e a s t - w e s t mark t h e s o u t h e r n b o u n d a r y of t h e g r a b e n 
( p i . l a n d 2 ) . Along t h e s e f a u l t s , t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) 
i s f a u l t e d down t o t h e l e v e l of t h e canyon f l o o r . The F l a g s t a f f f o r m a ­
t i o n ( l i m e s t o n e ) i s down f a u l t e d from e l e v a t i o n s of 7 , 5 0 0 f e e t t o 6 ,000 
f e e t b e t w e e n t h e n o r t h and s o u t h b o u n d a r y f a u l t s of t h e Dry Canyon 
g r a b e n . E l s e w h e r e on e i t h e r s i d e of t h i s g r a b e n and t h e e n t i r e f r o n t 
t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) o c c u p i e s h i g h e r p o i n t s ( S o e i k e r , 
1 9 4 9 , p . 7 4 ) . 
I n t h e g r a b e n b l o c k ( p i . 2 s e c AA 1 ) t h e r e i s no more t h a n 100 
f e e t o f Nor th Horn s t r a t a . The Nor th Horn s t r a t a o v e r l i e t h e T w i s t 
Gulch f o r m a t i o n and a r e i n t u r n s u c c e e d e d b y t h e F l a g s t a f f s t r a t a 
wh ich fo rms t h e b u l k of t h e s t r a t a e x p o s e d i n g r a b e n . On e i t h e r s i d e 
of t h i s g r a b e n , t h e Nor th Horn s t r a t a a r e seen t o a t t a i n a t h i c k n e s s 
of a s much a s 1000 f e e t ( S p e i k e r , 1 9 4 9 , p . 7 4 ) . A c c o r d i n g t o S p e i k e r 
( 1 9 4 9 , p . 7 4 ) , t h e f a u l t i n g which gave r i s e t o Dry Canyon g r a b e n i s 
" t h e e a r l i e s t known n o r m a l f a u l t i n g i n t h e r e g i o n " . I t i s assumed 
t h a t t h e f a u l t s "mus t h a v e b e e n a c t i v e i n N or t h Horn and p e r h a p s 
P r i c e R i v e r t i m e s " . I t i s b e l i e v e d b y S p e i k e r (1949 , p . 74 ) t h a t 
a r e v e r s a l of movements on f a u l t s t r a n s f o r m e d a h o r s t t o g i v e r i s e 
t o p r e s e n t day "Dry Canyon g r a b e n " . U n d o u b t e d l y S p e i k e r s t h e s i s 
e x p l a i n s t h e d i f f e r e n c e b e t w e e n t h e t h i c k n e s s of t h e N o r t h Horn 
s t r a t a e x p o s e d i n t h e g r a b e n and t h o s e e x p o s e d on e i t h e r s i d e of t h e 
g r a b e n , h o w e v e r , e v o k e s some d i f f i c u l t q u e s t i o n s which a r e h a r d t o 
e x p l a i n i n t e r m s of t e c t o n i c s . 
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F a r t h e r s o u t h , a b o u t one m i l e n o r t h of Maple Canyon ( p i 1 and 2 , 
s e c AA') a n o t h e r f a u l t i s p r e s e n t , which s t r i k e s i n an e a s t - w e s t 
d i r e c t i o n and d i p t o w a r d t h e n o r t h a t an a n g l e of a b o u t 75 d e g r e e s . 
T h i s f a u l t , t h e l a s t of a s e r i e s of t h r e e s t e p f a u l t s t o t h e s o u t h 
of Dry Canyon and t h e "Dry Canyon g r a b e n " i s t h e l a s t major s t r u c t u r a l 
f e a t u r e i n t h e s o u t h o f t h e a r e a . I f S p e i k e r s ( 1 9 4 9 , p . 7 4 ) t h e s i s i s 
c o r r e c t a b o u t t h e f a u l t s wh ich gave r i s e t o "Dry Canyon g r a b e n " , t h e n 
t h i s f a u l t wh ich i s p r e s e n t a b o u t one m i l e n o r t h of Maple Canyon i s 
younge r t h a n a n y o t h e r f a u l t which gave r i s e t o t h e "Dry Canyon 
g r a b e n " . Most p r o b a b l y a l l t h e f a u l t s p r e s e n t i n t h e a r e a e x c e p t 
t h o s e which gave r i s e t o t h e "Dry Canyon g r a b e n " can be d a t e d 
p o s t - d a t i n g t h e d e p o s i t i o n of t h e Green R i v e r f o r m a t i o n . 
O r i g i n of Dry Canyon g r a b e n . 
The "Dry Canyon g r a b e n " i s t h e mos t p r o m i n e n t s t r u c t u r a l f e a t u r e 
p r e s e n t i n t h e a r e a . I t p r e s e n t s an i n t e r e s t i n g t e c t o n i c p r o b l e m . 
As m e n t i o n e d b e f o r e S p e i k e r ( 1 9 4 9 , p . 7 4 ) t h i n k s t h a t t h e p r e s e n t 
day "Dry Canyon g r a b e n " was a h o r s t and t h e f a u l t s we re a c t i v e i n 
P r i c e R i v e r - N o r t h Horn t i m e s . 
The f a u l t s w h i c h bound t h e g r a b e n b l o c k d i p s t e e p l y and a r e 
n o t q u i t e v e r t i c a l . I f S p e i k e r ' s ( 1 9 4 9 , p . 74) t h e s i s i s c o r r e c t , 
t h e n t h e f a u l t s d e f i n i n g t h e "Dry Canyon g r a b e n " were i n i t i a l l y 
r e v e r s e . The s u b s e q u e n t r e v e r s a l of t h e movement c a u s e d an i n i t i a l 
h o r s t t o change i n t o t h e p r e s e n t day g r a b e n . 
T h i s t h e s i s u n d o u b t e d l y e x p l a i n s t h e meager t h i c k n e s s (100 f t . ) 
of t h e Nor th Horn s t r a t a p r e s e n t i n t h e g r a b e n b l o c k . However s e r i o u s 
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t e c t o n i c p r o b l e m s a r e evoked when t h e s t r e s s f o r c e s r e q u i r e d t o g i v e 
r i s e t o r e v e r s e f a u l t s a r e c o n s i d e r e d . No n o r t h s o u t h - a c t i n g s t r e s s 
f o r c e s a r e known t o h a v e o p e r a t e d i n t h e a r e a d u r i n g Nor th Horn -
P r i c e R i v e r t i m e 0 
I t i s p o s s i b l e t h a t S p e i k e r * s " h o r s t " ( 1 9 4 9 , P . 74 ) was c a u s e d 
b y t h e p l a s t i c i n t r u s i o n of t h e h a l i t e from t h e A r a p i e n s h a l e and t h e 
T w i s t Gulch f o r m a t i o n i n t o t h e o v e r l y i n g s t r a t a . The p l a s t i c i n t r u s i o n 
o f s a l t d o e s n o t n e e d any t e c t o n i c f o r c e s . "The m o t i v e f o r c e i s t h e 
d i f f e r e n c e i n d e n s i t y b e t w e e n t h e s a l t and t h e s u r r o u n d i n g s e d i m e n t s " 
( B i l l i n g s , 1 9 6 2 , p . 2 5 9 ) . 
T h i s p l a s t i c i n t r u s i o n of t h e s a l t mus t have pushed t h e e f f e c t e d 
b l o c k o u t of t h e b a s i n of d e p o s i t i o n . ^ i i s e x p l a i n s t h e s m a l l t h i c k n e s s 
(100 f t . ) of t h e Nor th Horn s t r a t a p r e s e n t i n t h e g r a b e n b l o c k . 
The s u b s e q u e n t d i s so lu t i on o f s a l t i n t r u s i o n c a u s e d t h e c o l l a p s e 
of t h e , l h o r s t " b l o c k , t h u s g i v i n g r i s e t o p r e s e n t d a y "Dry Canyon 
g r a b e n " • 
c . T o r r e v a B l o c k s of F l a g s t a f f F o r m a t i o n ( l i m e s t o n e ) . 
Between Axehandle and Dry Canyons a number of low l y i n g h i l l s a r e 
o b s e r v e d . These h i l l s v a r y i n h e i g h t and t h e i r a r e a l e x t e n s i o n . The 
l a r g e s t o f t h e s e i s s e e n b e t w e e n Rock Creek and Dry Canyon. 
These h i l l s a r e d o m i n a n t l y huge chunks of t h e F l a g s t a f f F o r m a t i o n 
( l i m e s t o n e ) . From t h e i r l o c a t i o n and o r i e n t a t i o n i t i s a p p a r e n t 
t h a t t h e s e h i l l s r e p r e s e n t huge b l o c k d e t a c h e d from t h e p l a t e a u f r o n t . 
No s l i c k e n s i d e m a r k i n g s w e r e o b s e r v e d on t h e s e b l o c k s . T h e r e f o r e i t 
i s a p p a r e n t t h a t t h e s e b l o c k s r e p r e s e n t R e i c h e * s T o r r e v a b l o c k s 
( 1 9 3 1 , P . 5 3 3 ) . 
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d . R e c e n t f a u l t i n g . 
F a r t h e r e a s t of t h e f r o n t and i n t h e S a n p e t e V a l l e y , a s e r i e s of 
s c a r p l e t s s t r i k i n g i n n o r t h e a s t - s o u t h w e s t d i r e c t i o n a r e p r e s e n t ( p i . 1 ) . 
The f a u l t s a r e c o n f i n e d t o a l l u v i u m and g i v e r i s e t o s e v e r a l s c a r p l e t s , 
and d i p i n a s o u t h - e a s t d i r e c t i o n t oward t h e S a n p e t e V a l l e y . 
These s c a r p l e t s r e p r e s e n t t h e r e c e n t B a s i n and Range f a u l t i n g , so 
c h a r a c t e r i s t i c of t h e B a s i n and Range p r o v i n c e . 
B. The I n t e r i o r of t h e p l a t e a u . 
A d e t a i l e d s u r v e y of t h e i n t e r i o r r e g i o n s of t h e a r e a o f 
i n v e s t i g a t i o n r e v e a l e d no s t r u c t u r a l c o m p l e x i t i e s a s o b s e r v e d a t t h e 
f r o n t . The o n l y p r e v a l e n t s t r u c t u r a l f e a t u r e s a r e t h e h i g h a n g l e 
e a s t - w e s t s t r i k i n g n o r m a l d i p s l i p f a u l t s . O t h e r w i s e t h e b e d s a r e 
s een t o be n e a r l y h o r i z o n t a l o r v e r y g e n t l y d i p p i n g b e i n g a p a r t 
of t h e c e n t r a l s y n c l i n a l s t r u c t u r e . 
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GEOLOGIC HISTORY 
The s t r a t i g r a p h i c s e q u e n c e ( T a b l e 1 ) , i n t h e a r e a of i n v e s t i g a t i o n 
( f i g s . 1 and 2 ) which l i e on t h e e a s t e r n s l o p e of t h e Gunnison P l a t e a u 
b e t w e e n Coal Canyon t o t h e n o r t h and Maple Canyon t o t h e s o u t h , r e ­
v e a l s a s e r i e s of g e o l o g i c e v e n t s which o c c u r r e d from u p p e r J u r a s s i c 
t o p o s t - E o c e n e t i m e . Some of t h e s e e p i s o d e s a r e d i r e c t l y i n f e r r e d 
w h e r e a s some a r e i n f e r r e d i n d i r e c t l y from t h e l i t h o l o g y of t h e f o r m a ­
t i o n s e x p o s e d i n t h e a r e a o r from g e n e r a l r e g i o n a l r e l a t i o n s h i p 
The o l d e s t f o r m a t i o n exposed i n t h e a r e a i s t h e T w i s t Gulch f o r m a ­
t i o n . The T w i s t Gulch f o r m a t i o n r e p r e s e n t s d e p o s i t i o n d u r i n g Upper 
J u r a s s i c t i m e and i s t h e o n l y mar ine d e p o s i t e x p o s e d i n t h e a r e a . From 
t h e s t u d y of t h e r e g i o n a l d i s t r i b u t i o n of t h e T w i s t Gulch f o r m a t i o n , 
i t i s e v i d e n t t h a t t h e f o r m a t i o n was d e p o s i t e d i n a b a s i n which 
o c c a s s i o n a l l y l a c k e d d r a i n a g e and was t e m p o r a r i l y c l o s e d . O c c u r r e n c e 
of gypsum and s a l t i n d i c a t e s t h e p r e v a l e n c e of such e n v i r o n m e n t s . 
The M o r r i s o n f o r m a t i o n which o v e r l i e s t h e Summerv i l l e o f t h e 
San R a f a e l g roup of e a s t e r n Utah and C o l o r a d o i s c o n s p i c u o u s l y a b s e n t 
from t h e a r e a of i n v e s t i g a t i o n , and so a r e t h e Lower C r e t a c e o u s d e p o s i t s 
The n e x t y o u n g e s t f o r m a t i o n exposed i n t h e a r e a of i n v e s t i g a t i o n 
i s t h e I n d i a n o l a g r o u p . The I n d i a n o l a g r o u p i s n o t o b s e r v e d i n 
c o n t a c t w i t h Twis t Gulch f o r m a t i o n a t a n y l o c a l i t y i n t h e a r e a 
i n v e s t i g a t e d . S p e i k e r ( 1946 , p . 158 ) s u g g e s t e d t h a t a f t e r t h e d e ­
p o s i t i o n of t h e T w i s t Gulch f o r m a t i o n a p e r i o d of g e o l o g i c n e u t r a l i t y 
o r n o n - d e p o s i t i o n f o l l o w e d wh ich p e r s i s t e d t i l l t h e b e g i n n i n g of t h e 
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I n d i a n o l a t i m e . T h i s n o n - d e p o s i t i o n p e r i o d was f o l l o w e d b y an 
o r o g e n i c e p i s o d e o c c u r r i n g " n o t t o o g r e a t a d i s t a n c e t o t h e w e s t " 
(Hunt , 1 9 4 8 , p . 7 9 ) . As a r e s u l t of t h i s o r o g e n y t h e I n d i a n o l a 
f o r m a t i o n , a c o a r s e and h e t e r o g e n e o u s c l a s t i c s e d i m e n t a r y u n i t was 
d e p o s i t e d . S p e i k e r ( 1 9 4 6 , p . 149 -152 and 1 9 4 9 , p . 7 9 - 8 1 ) r e f e r r e d 
t o t h i s o r o g e n i c movement t o t h e " m i d - C r e t a c e o u s " o r " e a r l y 
C o l o r a d o " . 
S p e i k e r ( 1 9 4 9 , p . 78 ) a s s e r t s t h a t " t h e c o n g l o m e r a t e s i n t h e 
l o w e r p a r t of t h e I n d i a n o l a g r o u p a r e o f Molasse t y p e , l i k e t h e 
P r i c e R i v e r , and t h e y can h a r d l y mean a n y t h i n g o t h e r t h a n o r o g e n y 
n o t f a r t o t h e w e s t " . 
The d e p o s i t i o n of t h e I n d i a n o l a c o n g l o m e r a t e s c o n t i n u e d t h r o u g h 
Colorado t i m e , howeve r , i n t h e o p i n i o n of S p e i k e r ( 1 9 4 9 , p . 7 9 ) t h e 
u p p e r p a r t of t h e I n d i a n o l a i s d i f f e r e n t from t h e l o w e r p a r t i n 
l i t h o l o g i c c h a r a c t e r s . He a t t r i b u t e s t h e s e l i t h o l o g i c d i f f e r e n c e s 
t o t h e r e n e w a l of o r o g e n y i n t h e w e s t . A c c o r d i n g t o S p e i k e r ( 1949 , 
p . 79) t h i s r e n e w a l of e a r l y C o l o r a d o o r o g e n y o c c u r r e d d u r i n g l a t e 
Co lo rado ( ? ) t i m e . 
The l a t e Colorado ( ? ) o r o g e n y was f o l l o w e d b y a p e r i o d of n o n -
d e p o s i t i o n . T h i s i n t e r v a l was f o l l o w e d by a n o t h e r o r o g e n i c movement 
i n m i d d l e t o l a t e Montana t i m e . T h i s o r o g e n i c movement i s d e s i g n a t e d 
a s e a r l y Laramide by S p e i k e r ( 1 9 4 6 , p . 1 5 2 - 1 5 5 ) • E a r l y Laramide 
o r o g e n y was much s t r o n g e r and i n t e n s e t h a n any o t h e r s which h a v e 
o c c u r r e d p r e v i o u s l y . The e a r l y Laramide o r o g e n y c a u s e d f o l d i n g and 
was f o l l o w e d b y a p e r i o d of m a s s - w a s t a g e and e r o s i o n . T h i s e r o s i o n 
Indianola time. 'Ibis non-deposition neriod was followed by an 
orogenic episode occurring "not too great a distance to the west" 
(Hunt, 1948, p. 79). As a result of this orogeny the Indianola 
formation , a coarse and heterogeneous cl astic sedimentary unit was 
deposited. Speiker (1946, D. 149-152 and 1949, p. 79- R1) referred 
to this orogenic movement to the "mid-Cretaceous" or "early 
Colorado" . 
Speiker (1949, p. 78 ) asserts that "the conglomerates in the 
lower part of the Indianola group are of Molasse type , like the 
Price River, and they can har dly mean anything other than orogeny 
no t far to the west". 
The deposition of the Indianola conglomerate s continued through 
Colorado time, however , i n the opinion of Speiker (1949, p. 79) the 
upper part of the Indianola is different from the lower part i n 
lithologic char acters . He attributes these lithologic differences 
to the renewal of orogeny i n the west . Accor ding to Speiker (1949, 
p. 79) thi s renewal of earl y Colorado orogeny occurred during l ate 
Colorado( ?) time. 
'Ibe late Colorado( ?) orogeny was followed by a period of non-
deuosi tion. This interval was followed by another orogenic movement 
in middle to late MOntana time. Thi s orogenic movement is designated 
as early Laramide by Speiker (1946, p. 152-155). Early Laramide 
orogeny was much stronger and intense than any others which bave 
occurred previously. The early Laramide orogeny caused folding and 
was followed by a period of ass-wastage and erosion. This erosi on 
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removed most of t h e o r i g i n a l I n d i a n o l a from t h e a r e a s t u d i e d . Only 
a few i s o l a t e d and s c a t t e r e d p o c k e t s r e m a i n e d on t h e f r e s h e r o s i o n a l 
s u r f a c e now u n d e r l a i n m a i n l y by t h e T w i s t Gulch f o r m a t i o n . T h i s 
e x p l a i n s t h e p r e s e n t day p a t c h y d i s t r i b u t i o n of t h e I n d i a n o l a d e p o s i t s 
i n t h e a r e a i n v e s t i g a t e d . 
A f t e r t h e e a r l y Laramide o r o g e n y had c e a s e d , a n o t h e r p e r i o d of 
n o n - d e p o s i t i o n e n s u e d , wh ich p e r s i s t e d t h r o u g h t h e most of P r i c e R i v e r 
t i m e . Only d u r i n g u p p e r m i d d l e P r i c e R i v e r t ime d i d t h e a r e a s t a r t 
r e c e i v i n g c l a s t i c s e d i m e n t s once a g a i n . However, t h e s e s e d i m e n t s which 
were b e i n g s u p p l i e d from t h e w e s t , w e r e d e p o s i t e d i n c h a n n e l s and i n 
t h e low l y i n g a r e a s . The d i s c o n t i n u o u s and p a t c h y o c c u r r e n c e of t h e 
P r i c e R i v e r f o r m a t i o n i s a c l e a r - c u t e v i d e n c e of i t s ' c h a n n e l o r i g i n 
p a r t i c u l a r l y i n t h e a r e a of i n v e s t i g a t i o n . 
I t i s e v i d e n t t h a t n e a r t h e c l o s e of P r i c e R i v e r t i m e a n o t h e r 
o r o g e n i c d i s t u r b a n c e , i t i s b e l i e v e d , was r e s p o n s i b l e f o r t h e s u p p l y 
of c l a s t i c s e d i m e n t s which c o n s t i t u t e t h e P r i c e R i v e r f o r m a t i o n . I t i s 
b e l i e v e d t h a t h i s o r o g e n y was a r e n e w a l of t h e e a r l y Laramide orogeny*, 
o r t h a t t h e o r o g e n y p e r s i s t e d s p a s m o d i c a l l y i f n o t c o n t i n u o u s l y . 
The c o a r s e c l a s t i c s e d i m e n t a r y r o c k s , so c h a r a c t e r i s t i c of t h e 
Nor th Horn f o r m a t i o n exposed i n t h e a r e a a r e s t r o n g e v i d e n c e f o r t h e 
c o n t i n u i t y of t h e o r o g e n y even i n t o l o w e r and midd le Nor th Horn t i m e . 
Dur ing u p p e r Nor th Horn t i m e a p e r i o d of s t a b i l i t y was a t t a i n e d 
and t h e dominan t f l u v i a t i l e c o n d i t i o n s gave way t o mixed f l u v i o -
l a c u s t r i n e e n v i r o n m e n t s , which u l t i m a t e l y p a s s e d i n t o l a c u s t r i n e 
e n v i r o n m e n t s of F l a g s t a f f t i m e . The l a c u s t r i n e e n v i r o n m e n t s p e r s i s t e d 
from u p p e r Nor th Horn t i m e t h r o u g h Green R i v e r t i m e . The n o n - c l a s t i c 
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n a t u r e of t h e u p p e r Nor th Horn f o r m a t i o n , t h e F l a g s t a f f f o r m a t i o n 
( l i m e s t o n e ) , t h e C o l t o n f o r m a t i o n , and t h e Green R i v e r f o r m a t i o n i s 
u n e q u i v o c a l e v i d e n c e f o r l a c u s t r i n e e n v i r o n m e n t s . In g e n e r a l , w i t h 
t h e b e g i n n i n g of u p p e r Nor th Horn t ime* t h e o r o g e n i c movements h a v e 
c e a s e d and t h e h i g h l a n d s t o t h e w e s t (which have been s o u r c e a r e a 
f o r t h e e l a s t i c s s i n c e I n d i a n o l a t i m e ) were l e v e l e d down and a 
r e l a t i v e l y o r o g e n i c a l l y q u i e t g e o l o g i c i n t e r v a l e n s u e d . T h i s i n t e r v a l 
a s s t a t e d above c o n t i n u e d a l m o s t w i t h o u t ma jo r i n t e r r u p t i o n s t h r o u g h 
Green R i v e r t i m e . However , i t was p u n c t u a t e d by v o l c a n i c a c t i v i t y . 
The o c c u r r e n c e of g l a s s s h a r d s i n t h e F l a g s t a f f f o r m a t i o n ( l i m e s t o n e ) 
and f e l s i t i c l a v a ( t u f f ? ) f l o w s i n t h e Green R i v e r f o r m a t i o n a r e 
i n d i c a t i v e of v o l c a n i c a c t i v i t y i n t h e a r e a . The v o l c a n i c a c t i v i t y 
d u r i n g F l a g s t a f f t ime was e x p l o s i v e w h e r e a s d u r i n g Green R i v e r 
p r i m a r i l y l a v a f l o w s d e v e l o p e d w i t h o u t major v i o l e n t v o l c a n i c a c t i v i t y . 
V o l c a n i c a c t i v i t y i s r e p o r t e d from o t h e r p a r t s of t h e Gunnison 
P l a t e a u . Hunt ( 1 9 4 9 , p . 1 0 9 - 1 1 6 ) r e p o r t e d l a v a f l o w s from t h e 
n o r t h e r n p a r t of t h e Gunnison P l a t e a u w h e r e a s Z e l l e r ( 1949 , p . 6 0 - 6 1 ) 
r e p o r t e d l a v a f l o w s i n t e r b e d d e d w i t h t h e Green R i v e r f o r m a t i o n from 
t h e m i d - w e s t e r n p a r t of t h e Gunnison P l a t e a u . 
I t i s most p r o b a b l e t h a t t h e m i n e r a l i z a t i o n of t h e l o w e r p a r t of 
t h e N o r t h Horn f o r m a t i o n e x p o s e d i n t h e a r e a of i n v e s t i g a t i o n i s r e ­
l a t e d t o i g n e o u s a c t i v i t y of Green R i v e r t i m e . Hunt ( 1 9 4 9 , p . 1 0 9 - 1 1 6 ) , 
and Z e l l e r ( 1 9 4 9 , p . 6 0 - 6 1 ) b o t h r e p o r t e d t h e o c c u r r e n c e of q u a r t z 
monzon i t e i n t r u s i v e b o d i e s from t h e i r a r e a s o f i n v e s t i g a t i o n . I t i s 
b e l i e v e d t h a t t h e l a v a f l o w s and q u a r t z m o n z o n i t e i n t r u s i o n s a r e 
c o n t e m p o r a n e o u s and had a common o r i g i n . 
        for ation
        is
      l  ith
     m ~   
           are
  c        
ti l  i l   l  l   interv l
    t j r  t r
    t    activity.
   l     f  (limeston
   )      t  ar
i i ti  f l i  ti it  i  t  r .  l i  activit  
ri  l t f ti  s l i  r s ri  r  ive r 
ri ril  l  fl s l  it t j r i l t l i  a ti it . 
         
  ,   ~rt     t
 rt      l    60-
    i    r t  fro
 st r  rt    latea
  t  t  i r li ti  f  r t  
 t   ti       t t   -
  i   f  i r ti . t , . 9-1 , 
 ll r , .  t  t  t   f t  
it  i t i  i  fr  i   f i ti ti .  is 
li  t t t  l  fl s  rt  it  i t i   
t r s     i i . 
97 
The r e m a i n i n g n o t a b l e g e o l o g i c e v e n t s which f o l l o w e d t h e d e ­
p o s i t i o n o f t h e Green R i v e r f o r m a t i o n i n t h e a r e a of i n v e s t i g a t i o n 
was p r i m a r i l y v e r t i c a l u p l i f t ( B a s i n and Range E p e i r o g e n y ) , d e t e c t e d 
i n t h e p e r i o d o r p e r i o d s o f d e f o r m a t i o n . T h i s d e f o r m a t i o n b r o u g h t 
t h e p r e s e n t d a y Gunnison P l a t e a u i n t o e x i s t e n c e . 
I n t h e f i r s t p h a s e of p o s t - G r e e n R i v e r d e f o r m a t i o n t h e b e d s 
were s u b j e c t e d t o t h e i n i t i a l n o r t h - s o u t h f o l d i n g . The f o l d i n g was 
accompanied b y a minor amount of t h r u s t i n g (Hun t , 1 9 4 8 , p . 80 and 
S p e i k e r , 1 9 4 9 , p . 7 2 - 7 7 ) . These s t r u c t u r e s were l a t e r b r o k e n b y 
n o r t h - s o u t h and e a s t - w e s t s t r i k i n g n o r m a l h i g h - a n g l e f a u l t s . I t i s 
d i f f i c u l t t o d e t e r m i n e w h e t h e r t h e s e s t r u c t u r e s Dreceeded " o r were 
c o n t e m p o r a n e o u s w i t h t h e f o r m a t i o n of a l a r g e r ramp t y p e s t r u c u t r e 
p a r a l l e l t o t h e " e a s t e r n f r o n t " ( H u n t , 1 9 4 8 , p . 8 1 ) . A c c o r d i n g t o 
S p e i k e r t h i s ramp s t r u c t u r e e x i s t s , b u t i s h i d d e n b y a l l u v i u m . 
In S p e i k e r s o p i n i o n i t i s t h e ramp t y p e t h r u s t s t r u c t u r e wh ich 
c a u s e d t h e Gunnison P l a t e a u t o assume i t s p r e s e n t - d a y p o s i t i o n above 
t h e V a l l e y ( H u n t , 1 9 4 8 , p . 8 1 ) . 
T h i s p h a s e of o r o g e n i c movements can b e d a t e d a s p o s t - G r e e n 
R i v e r t i m e . The l o c a l e v i d e n c e s u p p o r t s t h e above d a t i n g . However 
S p e i k e r ( 1 9 4 9 , p . 7 4 ) , t h i n k s t h a t t h e n o r m a l , h i g h a n g l e f a u l t s , 
wh ich bound t h e Dry Canyon g r a b e n a r e o l d e r t h a n t h e o t h e r f a u l t s 
i n t h e a r e a , and were a c t i v e i n Nor th Horn o r p e r h a p s even i n P r i c e 
R i v e r t i m e . I f i t i s t r u e , i t r e c o r d s t h e e a r l i e s t known no rma l 
f a u l t i n g i n t h e r e g i o n ( S p e i k e r , 1 9 4 9 , p . 7 4 - 7 5 ) . U n f o r t u n a t e l y i t 
i s n o t p o s s i b l e t o d e t e r m i n e t h e a c c u r a c y of S p e i k e r * s ( 1 9 4 9 , p . 7 4 - 7 5 ) 
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t h e s i s . However , s t r i p t h r u s t i n g and f o l d i n g i s known t o h a v e o c c u r r e d 
i n p o s t - E o c e n e t i m e s o u t h o f t h e Gunn i son P l a t e a u ( S p e i k e r , 1 9 4 9 , 
p . 7 8 ) , 
E a r d l e y ( 1 9 3 3 , P . 3 9 4 - 3 9 7 ) , who c a r r i e d o u t i n v e s t i g a t i o n i n 
t h e S o u t h e r n Wasa tch M o u n t a i n s , c o n c l u d e d t h a t movement began i n l a t e 
T e r t i a r y , " p o s t - d a t i n g t h e d e p o s i t i o n o f t h e S a l t Lake f o r m a t i o n i n 
P l i o c e n e t i m e " ( E a r d l e y , 1 9 3 3 , P . 3 9 7 ) . The s c a r p l e t s which s t r i k e 
n o r t h e a s t - s o u t h w e s t and can b e t r a c e d o v e r a l o n g d i s t a n c e a l o n g 
t h e w e s t e r n s i d e of t h e S a n p e t e V a l l e y l e n d s u p p o r t t o t h e c o n t i n u e n c e 
of movement i n p r e s e n t t i m e . 
The t a b l e on t h e n e x t page p r e s e n t s a summary o f t h e main 
g e o l o g i c e v e n t s which o c c u r r e d i n t h e Gunnison P l a t e a u i n g e n e r a l 
and a r e a of i n v e s t i g a t i o n i n p a r t i c u l a r . 
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G E O L O G I C E V E N T S A G E 
1. Deposi t ion under marine environments (Twist Gulch 
Formation - s h a l e s and s i l t s t o n e ) 
Upper San Rafael 
Group 
2 . U p l i f t , Orogenic (?) followed by a period of 
non-depos i t ion and non-erosion? 
Late J u r a s s i c & ? 
Lower Cretaceous 
3 . F i r s t orogenic u p l i f t not far to the west followed 
by e ros ion 
Early Colorado 
4 . Deposit ion mainly under f l u v i a t i l e environments 
( i n d i a n c l a , coarse e l a s t i c s , heterogeneous and 
va r i ega t ed sediments) 
Colorado 
5 . Orogeny, the Early Laramide accompanied by folding 
in the area i n v e s t i g a t e d . 
Medial 
Late Montana 
6. A period of ex tens ive e ros ion causing the removal 
of most of the Ind ianola Group in the a r e a . 
Middle Montana to 
Late Fox H i l l s 
7.. Renewed orogeny not far to the west followed by the 
depos i t ion of the Pr ice River Formation and 
Lower North Horn. 
Lance 
8„ Normal f a u l t i n g (Late North Horn). Paleocene 
o
 t Establ ishment of l a c u s t r i n e environments which 
p e r s i s t e d through the depos i t ion of the upper North 




10. Igneous a c t i v i t y ( i n t r u s i v e and e x t r u s i v e ) emplace­
ment of i n t r u s i v e bodies in nor thern and mid west ­
ern par t of the Gunnison P la t eau , depos i t ion of 
lava flows both in the area i n v e s t i g a t e d and other 
pa r t s of the Gunnison P la t eau . Mine ra l i za t ion of 
the lower par t of the North Horn Formation in the 
Dry Canyon region of the area i n v e s t i g a t e d . 
Green River 
11 . Basin and Range f a u l t i n g br inging the present day 
Gunnison Plateau in to e x i s t e n c e . 
Post-Eocene 
(Pl iocene^ to 
Present 
12 0 Renewal of Basin and Range f a u l t i n g . Fau l t ing of 
al luvium of Sanpete Valley giving r i s e to 
prominent s c a r p l e t s . 
Recent 
A S u m m a r y o f t h e G e o l o g i c H i s t o r y o f D r y C a n y o n a n d 
V i c i n i t y , G u n n i s o n P l a t e a u , S a n p e t e C o u n t y , U t a h . 
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ECONOMIC GEOLOGY 
The a r e a of t h i s r e p o r t h a s b e e n p r o s p e c t e d i n t h e p a s t , t h e 
e v i d e n c e of which c o n s i s t s i s f u r n i s h e d by s e v e r a l p r o s p e c t s opened 
a t v a r i o u s l e v e l s i n t h e Nor th Horn f o r m a t i o n t h r o u g h o u t t h e e a s t e r n 
f r o n t of t h e Gunnison P l a t e a u . 
I n t h e n o r t h e r n p a r t s of t h e Gunnison P l a t e a u c o a l h a s b e e n 
mined from t h e Nor th Horn s t r a t a e x p o s e d i n t h e v i c i n i t y of W a l e s . 
R i c h a r d s o n ( 1 9 0 6 ) , p u b l i s h e d a s e r i e s o f a r t i c l e s a b o u t t h e c o a l ­
f i e l d s i n t h e v i c i n i t y of W a l e s . The s o u t h e r n p a r t s o f t h e p l a t e a u 
p a r t i c u l a r l y s o u t h t o Wales we re a l s o p r o s p e c t e d f o r c o a l . An 
abandoned c o a l mine i n Coal Canyon and a s h a f t l o c a t e d n o r t h w a r d 
i n Axehandle Canyon i n d i c a t e c o a l p r o s p e c t i n g d u i r n g t h e p a s t i n 
t h i s p a r t of t h e p l a t e a u . Both t h e c o a l mine and s h a f t a r e l o c a t e d 
i n t h e Nor th Horn f o r m a t i o n . 
F a r t h e r e a s t t oward S a n p e t e V a l l e y , t h e a r e a h a s b e e n i n v e s t i ­
g a t e d and t e s t e d f o r u n d e r g r o u n d w a t e r ( R i c h a r d s o n , 1 9 0 6 ) . 
SULFIDE DEPOSITS 
South o f Axehandle Canyon t h e r e g i o n h a s b e e n examined and 
p r o s p e c t e d f o r m e t a l l i c d e p o s i t s . G a l e n a , p y r i t e , and c h a l c o p y r i t e 
a r e known t o o c c u r i n t h e w e s t e r n and n o r t h w e s t e r n p a r t s of t h e Gun­
n i s o n P l a t e a u (Hunt , 1 9 4 9 , p . 1 0 9 - 1 1 6 and Z e l l e r , 1 9 4 9 , p . 7 4 ) . 
In t h e s e l o c a l i t i e s , t h e m i n e r a l i z a t i o n i s a s s o c i a t e d w i t h q u a r t z -
monzon i t e p o r p h y r y . I n t h e v i c i n i t y of Dry Canyon, h o w e v e r , no 
      t    t, t
   i     l t  
       t  t  e t
t    late .
        l  
           .
      t  -
          lat
l       n t    
       ft  rt
    t    t i
    .   l  ft  loc t
    for tio .
r    l ,     in -
     t  , 
 Axeha       
  t ll  i     chalc
     t   t r     -
       l ,   .
 l   i r li t     
i          
such a s s o c i a t i o n i s p r e s e n t . No i g n e o u s i n t r u s i v e r o c k i s e v i d e n t i n 
t h e a r e a e i t h e r i n t h e Nor th Horn f o r m a t i o n o r i n f o r m a t i o n s a d j a c e n t 
t o i t . 
As s t a t e d p r e v i o u s l y , t h e m e t a l l i c s u l f i d e s i n t h e v i c i n i t y of 
t h e Dry Canyon r e g i o n and t h e e n t i r e a r e a have been p r o s p e c t e d b y 
l o c a l m i n e r s and p r o s p e c t o r s , h o w e v e r , no economic d e p o s i t s h a v e 
been d i s c o v e r e d . R e c e n t l y , once a g a i n a l o c a l p r o s o e c t o r s and mine r 
from Ephra im h a s r e v i v e d m i n e r a l e x p l o r a t i o n s i n t h i s p a r t of t h e 
p l a t e a u . 
Based on r e c e n t i n v e s t i g a t i o n s , which t h e w r i t e r c a r r i e d o u t 
d u r i n g t h e l a s t summer of 1 9 6 6 , i t i s b e l i e v e d t h a t t h e a r e a h a s no 
immedia t e economic i m p o r t a n c e , a l t h o u g h an e x t e n s i v e d r i l l i n g o p ­
e r a t i o n may y i e l d some s u b s t a n t i a l i n f o r m a t i o n i n r e g a r d t o t h e 
e x a c t e x t e n t and economic f e a s i b i l i t y of t h e s u l f i d e d e p o s i t s , 
GEOLOGIC FORMATIONS 
I n t h e s t r a t i g r a p h i c p a r t of t h i s t h e s i s , t h e l i t h o l o g y of 
t h e Nor th Horn f o r m a t i o n i s d e s c r i b e d i n d e t a i l (See p a g e s 4 6 - 5 8 ) , 
However , t h e o c c u r r e n c e of s u l f i d e s i n t h e N or t h Horn s t r a t a 
p r e s e n t be tween Axehand le and Dry Canyons r e q u i r e s a d e t a i l e d s t u d y . 
The Nor th Horn f o r m a t i o n e x p o s e d n o r t h t o Dry Canyon and i n t h e 
u p p e r p a r t s of t h e e a s t e r n e x t e n s i o n of t h e p l a t e a u f r o n t ( p i , 1 ) , 
i s e x t r e m e l y h e t e r o g e n e o u s and shows r e m a r k a b l e t e x t u r a l and l i t h o -
l o g i c a l v a r i a t i o n s . 
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L i t h o l o g y 
The m i n e r a l i z e d s t r a t a of t h e N o r t h Horn f o r m a t i o n a r e com­
p o s e d of t h r e e d i s t i n c t l i t h o l o g i c u n i t s . I n t e r g r a d a t i o n of one 
u n i t i n t o t h e o t h e r i s an u b i q u i t o u s phenomenon d i s p l a y e d b y t h e 
u p p e r M e s o z o i c - C e n o z o i c f o r m a t i o n s of t h e Gunnison P l a t e a u . Con­
s e q u e n t l y t h e Nor th Horn f o r m a t i o n shows l a r g e s c a l e l i t h o l o g i c 
i n t e r g r a d a t i o n s . The t h r e e d o m i n a n t l i t h o l o g i c u n i t s from b o t t o m 
t o t o p a r e : 
3 . L i m e s t o n e , d o l o m i t i z e d and s i l i c i f i e d 
2 . S a n d s t o n e , c a l c a r e o u s and graywacke t y p e 
1 . Cong lomera t e 
The above s e q u e n c e i s r e p e a t e d a t v a r i o u s s t r a t i g r a p h i c i n t e r ­
v a l s t h r o u g h o u t t h e e n t i r e t h i c k n e s s of t h e Nor th Horn f o r m a t i o n 
p r e s e n t i n t h i s l o c a l i t y . The r e p e t i t i o n of t h e above men t ioned 
s e q u e n c e s u g g e s t s a c y c l i c a l s e d i m e n t a t i o n i n t h e N or t h Horn b a s i n 
r e f l e c t i n g t h e o s c i l l a t o r y t e c t o n i c e n v i r o n m e n t s i n t h e s o u r c e a r e a 
of t h e Nor th Horn s e d i m e n t s . 
As t h e t h r e e u n i t s ( c o n g l o m e r a t e , s a n d s t o n e , and l i m e s t o n e ) 
p l a y an i m p o r t a n t r o l e i n t h e l o c a l i z a t i o n and l i t h o l o g i c a l c o n t r o l 
of s u l f i d e d e p o s i t s , i t i s w o r t h w h i l e t o d i s c u s s each of t h e t h r e e 
l i t h o l o g i c u n i t s i n d e t a i l . 
Cong lomera t e 
The c o n g l o m e r a t e i s m a i n l y composed of q u a r t z i t e and l i m e s t o n e 
p e b b l e s v a r y i n g i n s i z e from \ i n c h t o 1 f i n c h i n d i a m e t e r . The 
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p e b b l e s , s u b - r o u n d e d t o r o u n d e d , a r e embedded i n a c o a r s e t o medium 
g r a i n e d s andy m a t r i x . 
The p e b b l e s i n t h e c o n g l o m e r a t e a r e o r i e n t e d a l o n g t h e b e d d i n g 
p l a n e and show e l o n g a t i o n p a r a l l e l t o t h e b e d d i n g p l a n e . The l i m e s t o n e 
p e b b l e s show t h i s f e a t u r e more p r o m i n e n t l y t h a n q u a r t z i t e p e b b l e s , 
p r i m a r i l y b e c a u s e of t h e d i f f e r e n c e i n c o m p o s i t i o n and h a r d n e s s . 
The e l o n g a t i o n i s p r e s u m a b l y t h e r e s u l t of s t r e s s p e r p e n d i c u l a r 
t o t h e b e d d i n g p l a n e s . 
On t h e b a s i s of r e g i o n a l r e l a t i o n s h i p s i t i s s u g g e s t e d t h a t t h e 
s o u r c e of t h e s t r e s s f o r c e s was s u b t e r r a n e a n . P o s s i b l y t h e emplacement 
o f an i n t r u s i v e i g n e o u s b o d y p r o v i d e d t h e n e c e s s a r y d i r e c t e d p r e s s u r e . 
E l s e w h e r e ( w e s t e r n and n o r t h w e s t e r n p a r t s of t h e Gunnison P l a t e a u and 
Mnt. Nebo) i g e n o u s i n t r u s i v e b o d i e s of q u a r t z m o n z o n i t e c o m p o s i t i o n a r e 
p r e s e n t and a r e found t o i n t r u d e t h e c o u n t r y r o c k c o n c o r d a n t l y a s 
w e l l a s d i s c o r d a n t l y . 
The e f f e c t of t h e d i r e c t e d p r e s s u r e seems t o d i m i n i s h t o w a r d 
t h e u p p e r p a r t s of t h e Nor th Horn s t r a t a . T h i s e v i d e n t l y s u p p o r t s 
t h e p r o x i m i t y o f an i g n e o u s i n t r u s i v e b o d y . 
Sands tone 
The c o n g l o m e r a t e g r a d e s upward i n t o c o a r s e - g r a i n e d s a n d s t o n e 
of d a r k - g r a y and l i g h t - g r a y c o l o r s . The l o w e r s t r a t a of t h e s a n d ­
s t o n e u n i t show p r o m i n e n t c r o s s - b e d d i n g . 
The s a n d s t o n e can b e c l a s s i f i e d a s a s u b - g r a y w a c k e , a s i t i s 
composed of r o c k f r a g m e n t s b e s i d e s p o o r l y s o r t e d and a n g u l a r g r a i n s 
of q u a r t z , c h a l c e d o n y , and f e l d s p a r . The r o c k f r a g m e n t s a r e m o s t l y 
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l i m e s t o n e , q u a r t z i t e , and s a n d s t o n e p e b b l e s . Of a l l t h e r o c k f r a g ­
m e n t s , t h e f r a g m e n t s of a J g a l l i m e s t o n e a r e mos t a b u n d a n t . The 
cement i s m o s t l y c a l c a r e o u s . R e c r y s t a l l i z e d c a l c i t e shows u p p r o ­
m i n e n t l y i n t h i n s e c t i o n s of t h e s a n d s t o n e . The c a l c a r e o u s cement and 
r e c r y s t a l l i z e d c a l c i t e i s r e p l a c e d b y c r y p t o c r y s t a l l i n e s i l i c a , 
which i n t u r n i s r e p l a c e d b y g a l e n a . 
The c o a r s e - g r a i n e d s a n d s t o n e g r a d e s upward i n t o f i n e - g r a i n e d 
s a n d s t o n e of l i g h t - g r a y c o l o r . The f i n e - g r a i n e d s a n d s t o n e i s m o s t l y 
composed of a n g u l a r t o s u b - a n g u l a r and s u b - r o u n d e d q u a r t z , f e l d s p a r , 
and c h a l c e d o n y . Ga lena i s c o n s p i c u o u s l y a b s e n t i n f i n e - g r a i n e d 
s a n d s t o n e , h o w e v e r , p y r i t e i s p r e s e n t . I t s v e i n s c r o s s - c u t e ach o t h e r . 
L imes tone 
The f i n e - g r a i n e d s a n d s t o n e g r a d e s i n t o c a l c a r e s o u s s h a l e and 
f i n a l l y i n t o l i m e s t o n e . The l i m e s t o n e s t r a t a a r e s i l i c i f i e d and 
d o l o m i t i z e d . Three t y p e s of l i m e s t o n e s a r e d i s t i n g u i s h e d i n t h e 
m i n e r a l i z e d a r e a . 
1 . N o n - c r y s t a l l i n e t o c r y s t a l l i n e l i m e s t o n e 
2 . O o l i t i c l i m e s t o n e 
3 . Nodu la r and a l g a l l i m e s t o n e 
The l i m e s t o n e s t r a t a a r e f r a c t u r e d and b r o k e n , h o w e v e r , no 
l o c a l i z a t i o n of s u l f i d e d e p o s i t s h a s o c c u r r e d i n t h e s e f r a c t u r e s . 
The d o l o m i t i z a t i o n of t h e l i m e s t o n e h a s l e d t o t h e d e s t r u c t i o n of 
t h e o r i g i n a l t e x t u r e and t h e d e v e l o p m e n t of new t e x t u r e s . P e r f e c t 
c r y s t a l s of d o l o m i t e can be s e e n i n t h i n s e c t i o n s ( f i g . 6 ) . 
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Of a l l t h e v a r i t i e s of l i m e s t o n e , t h e n o d u l a r l i m e s t o n e i s 
m o s t a b u n d a n t . The o o l i t i c l i m e s t o n e i s p r e s e n t i n s u b o r d i n a t e 
q u a n t i t i e s , h o w e v e r , i t s o o l i t i c t e x t u r e i s h a r d l y d i s c e r n a b l e . 
GALENA MINERALIZATION 
N a t u r e of g a l e n a m i n e r a l i z a t i o n 
Ga lena o c c u r s a s d i s s e m i n a t e d i n c o n g l o m e r a t e , c o n g l o m e r a t i c 
s a n d s t o n e , and s a n d s t o n e . I n hand s p e c i m e n s g a l e n a o c c u r s i n t h e 
p o r e s p a c e s b e t w e e n d e t r i t i c a l g r a i n s . I n t h i n s e c t i o n s i t r e p l a c e s 
c a l c i t e , c h a l c e d o n y , and q u a r t z ( f i g s . 7 - 1 4 ) . A d e t a i l p e t r o g r a p h i c 
s t u d y of many sample s of s a n d s t o n e r e v e a l e d t h a t g a l e n a d o e s n o t 
o c c u r a s a c l a s t i c p a r t i c l e i n t h e h o s t r o c k s . I t l a c k s a l l t h e 
i m p o r t a n t c h a r a c t e r i s t i c s of e x o g e n i c a l l y t r a n s p o r t e d c l a s t i c p a r t i ­
c l e s . D e f i n i t e c r y s t a l o u t l i n e and i t s s e l e c t i v e o c c u r r e n c e i n t h e 
m i d s t of r e p l a c e d cemen t r u l e s o u t t h e p o s s i b i l i t y of g a l e n a b e i n g 
c l a s t i c o r d e t r i t a l . 
PYRITE AND CHALCOPTRITE DEPOSITS 
N a t u r e of p y r i t e m i n e r a l i z a t i o n 
P y r i t e and c h a l c o p y r i t e i s p r e s e n t i n l i m e s t o n e and s a n d s t o n e 
s t r a t a of t h e Nor th Horn f o r m a t i o n . C r y s t a l s of p y r i t e and c h a l c o p y ­
r i t e a r e w i d e l y d i s t r i b u t e d i n t h e u p p e r s t r a t a of t h e Nor th Horn 
f o r m a t i o n . However no economic c o n c e n t r a t i o n s a r e p r e s e n t i n e i t h e r 
t h e l i m e s t o n e o r s a n d s t o n e n o r c o n g l o m e r a t e s . 
The o y r i t e i n l i m e s t o n e s t r a t a shows d e f i n i t e f e a t u r e s r e l a t e d 
t o r e p l a c e m e n t phenomenon, e . g . , r e p l a c e m e n t v e i n l e t s , s e l e c t i v e 
      l   is
  l    t  su
ti    l     discernab1 .
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F i g u r e 6 . — P h o t o m i c r o g r a p h shewing d o l o m i t i z e d l i m e s t o n e . 
P e r f e c t c r y s t a l s of d o l o m i t e can be s e e n on 
t h e r i g h t of t h e p i c t u r e . 
Py = P y r i t e d l s t = d o l o m i t i z e d l i m e s t o n e 
 . _P r graph o  itl  li t .
t   i     
 t   t .




F i g u r e 7. — P h o t o m i c r o g r a p h showing g a l e n a ( b l a c k ) 
r e p l a c i n g q u a r t z , c h a l c e d o n y and 
c a l c i t e . 
g l = g a l e n a , c a l = c a l c i t e 
ca = c h a l c e d o n y and q t z = q u a r t z 
 --Photom1  ale  (black) ' 
r  l  and 
galen c calcite




g l = g a l e n a Ca l = c a l c i t e 
Figure 8 . - Photomicrograph showing galena 
replacing calcite cement and 
assuming crystalline outline. 
  l  c  
CoJ. 
F i g u r e 9 . — P h o t o m i c r o g r a p h showing g a l e n a ( b l a c k ) 
r e p l a c i n g c r y p t o - c r y s t a l l i n e 
s i l i c a and c a l c i t e # 
c a i = c a l c i t e g l = g a l e n a 
C S i = C r y p t o c r y s t a l l i n e S i l i c a 
 --P r    (black)
 c~to~crystal 1ne
 calcite. 
l  l galena
S1   Silica 
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F i g u r e 1 0 . — P h o t o m i c r o g r a p h showing g a l e n a ( b l a c k ) 
r e p l a c i n g c r y p t o c r y s t a l l i n e 
s i l i c a and c a l c i t e . 
Ca l = c a l c i t e g l = g a l e n a 
C S i = C r y p t o c r y s t a l l i n e S i l i c a 
/ 
i  lO.-- o r    ( l  
 cryptocrystallin
  t .
l    ale
 l ryst ll  Sil
I l l 
Figure ll.-~otomicrograph showing galena 
replacing calcite cement. 
Cal = calcite gl = galena 
II 
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F i g u r e 1 2 . — P h o t o m i c r o g r a p h showing g a l e n a 
r e p l a c i n g c a l c i t e and a s s u m i n g 
p s e u d o - r h o m b i c o u t l i n e , 
Ca l = c a l c i t e g l = g a l e n a 
 . _Phot   galen
  a  
 o tline.
 :  l : gale
12 
• 
F i g u r e 1 3 . — P h o t o m i c r o g r a p h showing g a l e n a 
r e p l a c i n g c a l c i t e . Specks of 
g a l e n a can b e s e e n i n q u a r t z 
g r a i n s . 
C a l * c a l c i t e g l = g a l e n a 
  __ Photo icrograph  al  
cin  i    
    1n  
 
l = t    al  
11) 
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F i g u r e 1 4 . — P h o t o m i c r o g r a p h showing g a l e n a 
r e p l a c i n g c h a l c e d o n y . 
Ca = c h a l c e d o n y g l = g a l e n a 
i r  -- i raph i   
 l
  l   
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r e p l a c e m e n t , l o c a l i z a t i o n a l o n g t e x t u r a l f e a t u r e s of h o s t r o c k , and 
i s l a n d s of h o s t i n q u e s t a l l of which a r e t h e t y p i c a l r e p l a c e m e n t 
f e a t u r e s p r e s e n t i n t h e p y r i t i z e d l i m e s t o n e ( f i g s . 1 6 - 3 0 ) . 
The i n t r o d u c t i o n of p y r i t e p o s t d a t e s d o l o m i t i z a t i o n and s i l i -
c i f i c a t i o n . D o l o m i t i z a t i o n and s i l i c i f i c a t i o n r e s u l t e d i n t h e 
d e v e l o p m e n t of c r y s t a l s of d o l o m i t e and q u a r t z ( f i g s . 6 and 1 9 ) . 
LITHOLOGIC CONTROLS-HOST ROCKS 
The e a s t e r n e x t e n s i o n of t h e p l a t e a u f r o n t be tween Axehand le 
Canyon and Rock Creek i s t h e outcome of h i g h a n g l e n o r m a l d i p s l i p 
f a u l t s , wh ich s t r i k e a b o u t N 15°E i n an a r c u a t e manner ( p i . 1 ) . 
I t i s n o t e w o r t h y t h a t t h e f a u l t s show no m i n e r a l i z a t i o n , 
a l t h o u g h i t may s t i l l b e p o s s i b l e t h a t t h e m i n e r a l i z i n g f l u i d s may 
have a s c e n d e d t h r o u g h t h e s e f a u l t s . S i m i l a r l y t h e major j o i n t 
sys tem of t h e a r e a shows no s u l f i d e d e p o s i t i o n . N e v e r t h e l e s s some 
of t h e j o i n t s a r e l i n e d b y dog t o o t h s p a r , a v a r i e t y of c a l c i t e . 
From t h e above d i s c u s s i o n i t i s a p p a r e n t t h a t t h e l i t h o l o g y 
of t h e m i n e r a l i z e d r o c k u n i t s and t h e i r p o r o s i t y and p e r m e a b i l i t y 
have e x e r t e d some c o n t r o l on t h e l o c a l i z a t i o n and d e p o s i t i o n of 
g a l e n a , p y r i t e , and c h a l c o p y r i t e d e p o s i t s . 
PANGENESIS 
. • 
A d e f i n i t e p a r a g e n e t i c s equence of s u l f i d e d e v e l o p m e n t i s 
d i f f i c u l t t o e s t a b l i s h . However , from t h e s t u d y of numerous t h i n 
s e c t i o n s and few p o l i s h e d s u r f a c e s a r o u g h a p p r o x i m a t i o n a b o u t t h e 
s e q u e n t i a l f o r m a t i o n of s u l f i d e s was o b t a i n e d . 
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F i g u r e 1 5 . — P h o t o m i c r o g r a p h showing s e l e c t e d 
r e p l a c e m e n t of d o l o m i t i z e d l i m e s t o n e 
b y p y r i t e . 
Py = p y r i t e d l s t = d o l o m i t i z e d l i m e s t o n e 
i  lS_--   sele t
l t f l lti  li t
 te . 
!'Y  rit  l   1tlz  l
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Figure 16. _ Photomicrograph showing pyr1 te 
replacing oolite. 
Py = pyrite dlst = dolomitized limestone 
117 
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F i g u r e 17 . — P h o t o m i c r o g r a p h showing m a t c h i n g w a l l s 
and c o m p l e t e and p a r t i a l r e p l a c e m e n t 
of o o l i t e s b y p y r i t e 
Py = p y r i t e d l s t = d o l o m i t i z e d l i m e s t o n e 
\ 
 .--Ph t   t i  
 l t   rti l ~ ent
f li   
 = yrite lst  olo itized  
• 
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F i g u r e 1 8 . — P h o t o m i c r o g r a p h showing a p a r t i a l l y 
r e p l a c e d o o l i t e . A c a l c i t e v e i n 
can b e s e e n on l e f t . 
Ca l = c a l c i t e Py = p y r i t e 
d l s t = d o l o m i t i z e d l i m e s t o n e 
i  -- om crogra~    
 .  l i  
    l eft.
l  l    it  
l t  l iti ze  li t  
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F i g u r e 1 9 . — P h o t o m i c r o g r a p h showing q u a r t z 
r e p l a c i n g p y r i t e . 
Py = p y r i t e , Qtz • q u a r t z 
d l s t = d o l o m i t i z e d l i m e s t o n e 
 -- hot icrograph  
 ite .
  ,yrit ,  =  
t  it  li t
uo 
1 2 1 
It 
Figure 20. --Photomicrograph showing island of 
host rock in pyrite. 
Py = pyrite dlst = dolomltlzed lime stone 
Ul
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F i g u r e 2 1 . — P h o t o m i c r o g r a p h showing m a t c h i n g 
w a l l s and p y r i t e v e i n s . 
Py = p y r i t e d l s t = d o l o m i t i z e d l i m e s t o n e 
 --Ph t    
ll   it  
  rit  l  ltl  li  
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F i g u r e 2 2 . — P h o t o m i c r o g r a p h showing v e i n -
l e t s of p y r i t e c u t t i n g a c r o s s 
t h e o o l i t e . 
Py = p y r i t e d l s t = d o l o m i t i z e d l i m e s t o n e 
 -- ot icr r   i -
    acros
 t .




F i g u r e 2 3 . — P h o t o m i c r o g r a p h showing i s l a n d s of 
h o s t r o c k i n p y r i t e . On t h e l e f t p y r i t e 
can be s een r e p l a c i n g d o l o m i t e 
c r y s t a l s . 
Py = p y r i t e d l s t = d o l o m i t i z e d l i m e s t o n e 
dc = d o l o m i t e c r y s t a l 
r  --Ph t h    
• 
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F i g u r e 2k„ — P h o t o m i c r o g r a p h showing i s l a n d s of 
h o s t r o c k f l o a t i n g i n p y r i t e , 
Py = p y r i t e d l s t = d o l o m i t i z e d l i m e s t o n e 
 4.--Photo io     
t o    .
  ri  t  iti  li t
• 
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F i g u r e 25o — P h o t o m i c r o g r a p h showing p y r i t e 
r e p l a c i n g q u a r t z and c a l c i t e . 
Py m p y r i t e C a l = c a l c i t e 
Qtz = q u a r t z 
i  .--Photo icr   
l ci  tz  t .
• 
 = rit  l  c l it  
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Figure 26. --Photomicrograph showing replacement 
veinlet of pyrite . 
Py = pyrite dl st = dolomitlzed limestone 
• 
Figure 27. --Photomicrograph showing pyrite vein 
replacing through calcite vein. 




F i g u r e 2 8 0 — P h o t o m i c r o g r a p h showing p y r i t e 
r e p l a c i n g c a l c i t e , 
Py = p y r i t e , C a l = c a l c i t e , Qtz = q u a r t z 
4 
Figure . - -   pyrite 
r l  calcite.
Py = pyrite , l   quart
• 
• 
F i g u r e 2 9 . — P h o t o m i c r o g r a p h showing p y r i t e 
s e l e c t i v e l y r e p l a c i n g c a l c i t e . 
Py = p y r i t e d l s t = d o l o m i t i z e d l i m e s t o n e 
C a l = c a l c i t e 
 . -Photo i  i  yr1 
 i  
  rit  l t  l iti  li  
l   
130 
131 
F i g u r e 30 o — P h o t o m i c r o g r a p h showing p y r i t e r e p l a c i n g 
a l o n g t h e t e x t u r a l f e a t u r e of t h e 
h o s t r o c k . 
(Match ing w a l l can be s e e n ) . 
Py = p y r i t e d l s t = d o l o m i t i z e d l i m e s t o n e 
4 
 . --    replaci
     t
 r .
s. tc  loT l1   s .
    i  li esto
)  
, 132 
I n none of t h e t h i n s e c t i o n s and p o l i s h e d s u r f a c e s were g a l e n a and 
p y r i t e o b s e r v e d t o o c c u r t o g e t h e r , , T h e r e f o r e i t i s p o s s i b l e t h a t 
p y r i t e r e m a i n e d i n s o l u t i o n f o r a l o n g e r t ime t h a n g a l e n a , and d i d 
n o t p r e c i p i t a t e u n t i l a f t e r t h e g a l e n a p r e c i p i t a t e d . S i m i l a r l y t h e r e 
i s no d e f i n i t e e v i d e n c e r e g a r d i n g t h e t i m e of d e v e l o p m e n t of c h a l c o ­
p y r i t e . C h a l c o p y r i t e was n o t o b s e r v e d t o o c c u r w i t h p y r i t e . Some 
s m a l l s p e c k s of c h a l c o p y r i t e were o b s e r v e d i n hand s p e c i m e n s , b u t i t s 
r e l a t i o n s h i p t o p y r i t e and g a l e n a c o u l d n o t be d e t e r m i n e d . 
I n t h e w r i t e r ' s o p i n i o n t h e f o l l o w i n g s e q u e n c e t o o k p l a c e i n 
t h e d e p o s i t i o n of s u l f i d e s : 
E a r l y L a t e 
C h a l c e d o n y , q u a r t z , d o l o m i t e , and c a l c i t e
 itmmmtimmmmmm^m_m_^imm^^ 
C h a l c o p y r i t e ( ? ) ? 
P y r i t e 
Ga lena 
ZONING 
An a p p a r e n t z o n a t i o n i s p r e s e n t i n t h e m i n e r a l i z e d a r e a . T h i s 
i s shown i n t h e d i s c o l o r a t i o n h a l o w h i c h i s a t p l a c e s c o n s p i c u o u s . 
A p p a r e n t l y t h e a s c e n d i n g t h e r m a l m i n e r a l i z i n g f l u i d s coming from 
d e p t h d e p o s i t e d t h e l e a s t s o l u b l e c o n s t i t u e n t s f i r s t and t h e most 
s o l u b l e f a r t h e s t from t h e s o u r c e of m i n e r a l i z i n g f l u i d s . 
The l e a s t s o l u b l e m i n e r a l ( g a l e n a ) p r e s e n t i n t h e t h e r m a l m i n e r a l ­
i z i n g f l u i d s p r e c i p i t a t e d i n t h e l o w e r s t r a t a of t h e Nor th Horn f o r m a t i o n . 
The l o s s i n t e m p e r a t u r e of t h e m i n e r a l i n g f l u i d s mus t have i n i t i a t e d 
t h e p r e c i p i t a t i o n of g a l e n a . 
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The s o l u b l e c o n t e n t s of t h e m i n e r a l i z i n g f l u i d s t r a v e l l e d 
f a r t h e r a s c e n d i n g i n t o f i n e - g r a i n e d s a n d s t o n e , l i m e s t o n e , and c o n g ­
l o m e r a t i c s a n d s t o n e 0 By t h i s t i m e t h e f l u i d s c o o l e d and p r e c i p i t a t i o n 
began* P r e s u m a b l y c h a l c o p y r i t e p r e c i p i t a t e d a f t e r p y r i t e „ 
From t h e above d i s c u s s i o n i t i s c o n c l u d e d t h a t t h e z o n i n g and 
z o n a l d e p o s i t i o n of t h e s u l f i d e s i s p a r t i a l l y c o n t r o l l e d by t e m p e r a t u r e 
and p a r t i a l l y b e t h e p h y s i c a l c h e m i s t r y of t h e m i n e r a l i z i n g f l u i d s 
and t h e c o u n t r y r o c k . 
I t i s p o s s i b l e t h a t some of t h e p y r i t e and c h a l c o p y r i t e p r e s e n t 
i n t h e m i n e r a l i z e d a r e a may r e p r e s n e t r e s i d u a l i r o n and c o p p e r i n t h e 
c l a s t i c s e d i m e n t s . I n s u c h c a s e t h e h y d r o t h e r r a a l s o l u t i o n s r e w o r k e d 
o r d i s s o l v e d and l a t e r r e d e p o s i t e d t h e s y n g e n e t i c i r o n and coppe r 
o r i g i n a l l y p r e s e n t i n s e d i m e n t a r y u n i t s . O c c u r r e n c e of p y r i t e o u s 
and c a r b o n a c e o u s s h a l e r e p r e s e n t s t h e r e d u c t i o n of o r i g i n a l s y n g e n e t i c 
i r o n p r e s e n t i n t h e s e s h a l e layers<> I t i s p o s s i b l e t h a t r e d u c t i o n 
of i r o n and c o p p e r t o o k p l a c e a f t e r t h e e p i g e n e t i c f l u i d s were 
i n t r o d u c e d i n t h e format ion*. T h e r e f o r e i t w i l l be a p p r o p r i a t e t o 
c l a s s i f y t h e s y n g e n e t i c p y r i t e of such o r i g i n a s a " l i t h o g e n e 
d e p o s i t " a s s u g g e s t e d by l o v e r i n g ( 1 9 6 3 , p* 315-331) • 
ORIGIN OF SULFIDE DEPOSITS 
The s u l f i d e d e p o s i t s p r e s e n t i n t h e a r e a of i n v e s t i g a t i o n 
c o n s t i t u t e an i n t e r e s t i n g p rob l em i n r e g a r d t o t h e i r o r i g i n . The 
a b s e n c e of a s t r o n g a l t e r a t i o n h a l o , o c c u r r e n c e of g a l e n a and p y r i t e 
i n c l a s t i c s e d i m e n t s ^ and above a l l t h e i r o c c u r r e n c e i n c r o s s - b e d d e d 
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s a n d s t o n e and c o n g l o m e r a t e s u g g e s t e d o r i g i n a l l y t h a t t h e m i n e r a l i z a t i o n 
may h a v e b e e n s y n g e n e t i c o However , d e t a i l e d e x a m i n a t i o n of m i n e r a l ­
i z e d a r e a s and t h e i r e x t e n t c o u p l e d w i t h m i c r o s c o p i c s t u d y c o m p l e t e l y 
e l i m i n a t e d a s y n g e n e t i c c o n c e p t of o r i g i n f o r t h e s e s u l f i d e d e p o s i t s * 
I t w i l l b e w o r t h w h i l e i f t h e r e c o r d of i g n e o u s a c t i v i t y i n 
t h e Gunnison P l a t e a u i s t a k e n i n t o a c c o u n t b e f o r e p o n d e r i n g on t h e 
q u e s t i o n of t h e o r i g i n of s u l f i d e d e p o s i t s i n t h e Nor th Horn f o r m a ­
t i o n I n t h e w r i t e r ' s o p i n i o n , t h e m i n e r a l i z a t i o n of t h e N or t h 
Horn s t r a t a , i n t h e a r e a of i n v e s t i g a t i o n , i s r e l a t e d t o p o s t - G r e e n 
R i v e r i g n e o u s a c t i v i t y w i t h t h e r e a s o n s f o r such g i v e n b e l o w 0 
I g n e o u s a c t i v i t y i n t h e Gunnison P l a t e a u 
I n t h e immedia t e a r e a of i n v e s t i g a t i o n t h e o n l y e v i d e n c e of 
i g n e o u s a c t i v i t y i s f o u n d i n t h e f e l s i t i c l a v a f l o w s a s s o c i a t e d 
w i t h t h e Green R i v e r f o r m a t i o n . However , i n t h e w e s t e r n and n o r t h e r n 
p a r t s of t h e Gunnison P l a t e a u , m o n z o n i t e p o r p h y r y i n t r u d e s t h e 
s e d i m e n t a r y u n i t s * Hunt ( 1949 , p 0 109) d e s c r i b e d monzon i t e i n t r u s i o n s 
l o c a t e d i n L i t t l e S a l t Creek and F o u r - m i l e Canyon l o c a l i t i e s * Q u a r t z 
monzon i t e i n t r u s i o n s were d e s c r i b e d b y Z e l l e r ( 1 9 4 9 , Po 7 4 ) from t h e 
w e s t e r n p a r t of t h e Gunnison P l a t e a u . P r i o r t o Z e l l e r ? s i n v e s t i g a t i o n s 
no such i n t r u s i v e i g n e o u s body was r e p o r t e d from t h e Gunnison P l a t e a u • 
Both Hunt ( 1 9 4 9 , p* 1 0 9 - 1 1 6 ) and Z e l l e r ( 1 9 4 9 , p 0 6 0 - 6 1 and 
7 4 ) 9 d e s c r i b e d w a l l r o c k a l t e r a t i o n f rom t h e i r a r e a s of i n v e s t i g a t i o n 
and r e p o r t e d t h e o c c u r r e n c e of t h e f o l l o w i n g m i n e r a l s . 
P y r i t e , c a l c i t e , q u a r t z , f l o u r i t e , a p a t i t e , s p e c u l a r h e m a t i t e 
and s i l v e r and l e a d m i n e r a l s • 
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S e v e r a l c l a i m s were s t a k e d a l o n g t h e c o n t a c t o f m o n z o n i t e 
w i t h t h e A r a p i e n ( ? ) l i m e s t o n e * However no d e p o s i t s of economic 
i m p o r t a n c e w e r e d i s c o v e r e d o 
Q u a r t z monzon i t e p o r p h y r y i s p r e s e n t i n Mount Nebo a r e a and 
i s s e e n t o c u t a c r o s s gypsum b e d s a s s o c i a t e d w i t h t h e A r a p i e n s h a l e „ 
The Gunnison P l a t e a u which l i e s s o u t h of Mount Nebo i s s e p ­
a r a t e d f rom t h e l a t t e r b y S a l t Creek Canyon, I t i s P o s s i b l e t h a t 
q u a r t z - m o n z o n i t e p o r p h y r y i n t r u s i o n o c c u r a t d e p t h a l l t h e way from 
Mount Nebo s o u t h i n t o t h e Gunnison P l a t e a u , and t h a t t h e m i n e r a l i z a ­
t i o n of t h e Nor th Horn s t r a t a i s r e l a t e d t o t h e h y d r o t h e r m a l 
s o l u t i o n s o r i g i n a t i n g i n q u a r t z - m o n z o n i t e p o r p h y r y i n t r u s i o n . A l ­
t h o u g h , t h e q u a r t z - m o n z o n i t e i s n o t e x p o s e d i n t h e s e d i m e n t a r y u n i t s 
i n t h e a r e a of i n v e s t i g a t i o n , i t i s p o s t u l a t e d t h a t i t i s p r e s e n t 
a t d e p t h and t h a t l a t e e m a n a t i o n s from i t a s c e n d e d i n t o t h e o v e r ­
l y i n g s t r a t a m i n e r a l i z i n g t h e Nor th Horn s t r a t a i n t h e a r e a of 
i n v e s t i g a t i o n
 0 
E p i g e n e t i c o r i g i n v e r s u s c l a s t i c o r i g i n 
I t was s t a t e d p r e v i o u s l y t h a t g a l e n a and p y r i t e o c c u r i n c r o s s -
bedded s a n d s t o n e and c o n g l o m e r a t e ( p y r i t e a l s o o c c u r s a s a r e ­
p l a c e m e n t t y p e i n l i m e s t o n e ) , , Galena i s p a r t i c u l a r l y c o n c e n t r a t e d 
i n some of t h e c r o s s b e d d i n g l a m i n a e 0 I t i s a l s o p r e s e n t i n c o a r s e 
g r a i n e d mass ive s a n d s t o n e 0 M i c r o s c o p i c s t u d y of t h e t h i n s e c t i o n s 
of t h e m i n e r a l i z e d s a n d s t o n e d o e s n o t show any c h a r a c t e r i s t i c s 
f o r a s s i g n i n g a c l a s t i c o r i g i n e i t h e r t o g a l e n a o r p y r i t e 0 
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The f o l l o w i n g p o i n t s r e p u d i a t e a c l a s t i c o r s y n g e n e t i c 
o r i g i n f o r t h e g a l e n a d e p o s i t s ; 
i 0 A s t u d y of s e v e r a l t h i n s e c t i o n s of t h e g a l e n a 
b e a r i n g spec imens r e v e a l s no r o u n d i n g and a b r a s i o n 
of g a l e n a f r a g m e n t s * Being a s o f t m i n e r a l 
g a l e n a g r a i n s s h o u l d show a d e g r e e of r o u n d n e s s 
i f t h e y were c l a s t i c p a r t i c l e S o Th i s i s n o t 
t h e c a s e , 
i i s S t u d y of t h i n s e c t i o n s of t h e g a l e n a b e a r i n g 
spec imens r e v e a l s t h a t g a l e n a d o e s n o t o c c u r 
a s an o r i g i n a l m a t e r i a l c e m e n t i n g o r a component 
of t h e o r i g i n a l c e m e n t . I t o c c u r s i n t h e m i d s t 
of t h e cement*. " I s l a n d s " o f t h e cement can b e 
s een i n g a l e n a • F i g u r e s 9 and 10 show t h i s f e a t u r e 0 
i i i o Ga lena r e p l a c e s c a l c i t e and assumes 
a pseudo rhombic o u t l i n e . 
i v . I n h a n d - s p e c i m e n s g a l e n a o c c u r s t h r o u g h l y i n t e r ­
mixed w i t h o t h e r c o n s t i t u e n t s of s a n d s t o n e even 
t hough g a l e n a i s many t i m e s h e a v i e r t h a n any 
o t h e r c l a s t i c p a r t i c l e . The i n t e r m i x i n g of 
g a l e n a and sand g r a i n s d e f y g r a v i t y s t r a t i f i c a t i o n . 
Moreover i f g a l e n a was t r a n s p o r t e d a l o n g w i t h t h e 
r e s t of t h e c o n s t i t u e n t s of t h e s a n d s t o n e t h a n i t 
m i g h t h a v e formed a s a p a r t of t r a c t i o n l o a d . I n 
such c a s e g a l e n a s h o u l d o c c u r i n c o n c e n t r a t i o n s 
a s d i s t i n c t l a y e r s c o n s i s t i n g of w e l l s o r t e d 
and w e l l rounded g r a i n s • 
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v . Ga lena and p y r i t e d e p o s i t s T *ere o b s e r v e d c u t t i n g 
a c r o s s d i f f e r e n t r o c k f a c i e s « Ga lena o c c u r s 
b o t h i n c o n g l o m e r a t e and s a n d s t o n e , w h e r e a s 
p y r i t e o c c u r s i n c o n g l o m e r a t e 9 s a n d s t o n e , and 
l i m e s t o n e o 
bo The f o l l o w i n g p o i n t s r e p u d i a t e a c l a s t i c o r s y n g e n e t i c 
o r i g i n f o r t h e p y r i t e d e p o s i t s ; 
i . P y r i t e does n o t o c c u r a s r o u n d e d g r a i n s . I t 
r a t h e r o c c u r s a s c r y s t a l l i n e . P y r i t e i s o b s e r v e d 
a s suming p s e u d o - r h o m b i c o u t l i n e by r e p l a c i n g 
c a l c i t e and d o l o m i t e , 
i i . P y r i t e i s d i s t i n c t l y o b s e r v e d r e p l a c i n g c a l c i t e 
f i l l e d v e i n s i n l i m e s t o n e , 
i i i . P y r i t e r e p l a c e m e n t o c c u r s a l o n g t h e p r e - e x i s t i n g 
t e x t u r a l f e a t u r e s of t h e h o s t r o c k ( f i g . 1 6 ) . 
i v 0 The h o s t r o c k i s l a n d s o c c u r i n p y r i t e ( f i g . 2 0 ) . 
v 0 Rep lacemen t of c a l c i t e c emen t by p y r i t e and 
t h e s u b s e q u e n t r e p l a c e m e n t of p y r i t e b y q u a r t z 
c l e a r l y i n d i c a t e s e p i g e n e t i c o r i g i n of p y r i t e . 
v i 0 P y r i t e o c c u r s i n t h r e e d i f f e r e n t r o c k f a c i e s , 
l i m e s t o n e , s a n d s t o n e , and c o n g l o m e r a t e s . 
E p i g e n e t i c o r i g i n v e r s u s b i o c h e m i c a l o r i g i n 
A d e t a i l l i t h o l o g i c a l s t u d y of t h e Nor th Horn f o r m a t i o n w i l l 
r e v e a l t h a t t h e e n t i r e f o r m a t i o n i s a c l a s t i c s e d i m e n t a r y b o d y 
w i t h minor amounts of l i m e s t o n e . The p r i m a r y s t r u c t u r e s of t h e 
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f o r m a t i o n i n d i c a t e t h a t t h e f o r m a t i o n was d e p o s i t e d by r u n n i n g w a t e r 
d r a i n i n g i n t o a s h a l l o w b a s i n u n d e r g o i n g d i f f e r e n t i a l s u b s i d e n c e . I t 
i s a p p a r e n t t h a t t h e b a s i n r e m a i n e d e x t r e m e l y t u r b u l a n t t h r o u g h o u t t h e 
d e p o s i t i o n o f t h e Nor th Horn s t r a t a . The c o n s t a n t i n f l o w of s e d i m e n t 
l a d d e n w a t e r k e p t t h i s b a s i n w e l l a e r a t e d ( a t l e a s t t h e p a r t of t h e 
b a s i n w h i c h c o n s t i t u t e d t h e p r e s e n t a r e a of i n v e s t i g a t i o n ) . Such 
e n v i r o n m e n t s a r e h a r d l y c o n d u c i v e t o t h e f l o u r i s h i n g of a n a e r o b i c b a c ­
t e r i a and t h e s u b s e q u e n t p r e c i p i t a t i o n of s u l f i d e s . Moreover t h e 
a b s e n c e of c a r b o n a c e o u s s h a l e (mos t of t h e b i o c h e m i c a l s u f l i d e d e p o s i t s 
a r e a s s o c i a t e d w i t h b l a c k s h a l e s ) and a n y n o t i c e a b l e c a r b o n a c e o u s 
m a t e r i a l i n d i c a t e s t h a t t h e s u p p l y of o r g a n i c m a t e r i a l x-jas a l m o s t 
l a c k i n g l o c a l l y b u t a b u n d a n t i n s t r a t a n e a r s u l f i d e m i n e r a l i z a t i o n 0 
The a b s e n c e of p l a n t f o s s i l s i n t h e N o r t h Horn s t r a t a of t h e a r e a 
of m i n e r a l i z a t i o n i n d i c a t e s t h e a l m o s t o r g a n i c a l l y b a r r e n n a t u r e 
of t h e a d j a c e n t s e d i m e n t s . 
An e x t e n s i v e s t u d y of t h e s h a l e and s a n d s t o n e s t r a t a p r e s e n t 
i n C o a l Canyon r e v e a l e d no a s s o c i a t e d m e t a l l i c d e p o s i t s , even though 
t h e e n v i r o n m e n t s , a t t h e t ime when t h e s e s t r a t a were b e i n g d e p o s i t e d , 
were most f a v o r a b l e f o r t h e f o u r i s h i n g of s u l f u r s e c r e t i n g b a c t e r i a . 
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CONCLUSION 
From t h e f o r e g o i n g d i s c u s s i o n i t i s a p p a r e n t t h a t t h e g a l e n a 
and p y r i t e d e p o s i t s i n t h e Nor th Horn s t r a t a a r e e p i g e n e t i c o F u r t h e r 
more t h e s e d e p o s i t s a r e r e l a t e d t o t h e T e r t i a r y i g n e o u s a c t i v i t y 
which o c c u r r e d i n p o s t - G r e e n R i v e r t i m e s * 
Most p r o b a b l y t h e m i n e r a l i z i n g s o l u t i o n s a s c e n d e d from a c o o l ­
i n g i g n e o u s i n t r u s i v e body a t c o n s i d e r a b l e depth*. Whi le a s c e n d i n g 
from d e p t h s , t h e m i n e r a l i z i n g f l u i d s l o s t much of t h e i r h e a t , u n d e r ­
w e n t d r a s t i c c h e m i c a l c h a n g e s , and c o o l e d when t h e s e f l u i d s r e a c h e d 
t h e p r e s e n t s i t e of m i n e r a l i z a t i o n 0 As a r e s u l t of l o s s of h e a t 
and d e c r e a s e i n c h e m i c a l r e a c t i v i t y , t h e f l u i d s d i d n o t c a u s e i n t e n s e 
w a i l r o c k a l t e r a t i o n * > C o n s e q u e n t l y a p r o n o u n c e d a l t e r a t i o n h a l o 
i s l a c k i n g o T h i s i s v e r y c h a r a c t e r i s t i c of h y d r o t h e r m a l f l u i d s 
which a r e t e l e s c o p e d from g r e a t e r d e p t h s . I n t h e w r i t e r s o p i n i o n t h e 
g a l e n a and p y r i t e d e p o s i t s i n t h e Nor th Horn s t r a t a p r e s e n t a l o n g 
t h e p l a t e a u f r o n t and Rock Creek b e l o n g t o t h e c a t e g o r y of t h e 
t e l e t h e r m a l t y p e of m i n e r a l i z a t i o n * . 
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